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THE MINING DISTRICTS OF NEVADA. 
HENRY G. FERGUSON. 


ABSTRACT. 


It is believed that four epochs of ore deposition are represented in 
Nevada; the earliest ore deposits are associated with granitic rocks, which 
in western Nevada were intruded near the close of the Jurassic and in 
eastern Nevada at the beginning of the Tertiary. Other ore deposits are 
associated with late Tertiary flows of two ages. 

In western Nevada the ore deposits associated with granitic masses 
satellitic to the Sierra Nevada batholith are predominantly argentiferous 
quartz veins, similar in appearance to the auriferous veins of California. 
These, however, have been valuable only for their oxidized and enriched 
silver ores. In eastern Nevada base metal replacement deposits prevail. 
These have also produced silver from the oxidized zone but in several dis- 
tricts base metal ores have proved workable in depth. It is thought that 
the difference between the two classes of deposits is a function of the dif- 
ferent magmatic sources; that the western deposits are of late Jurassic or 
early Cretaceous age, dependent upon the Sierra Nevada batholith, while 
those in the eastern part of the State are of early Tertiary age. This im- 
plies that the western limit of the Tertiary intrusions is near the middle of 
the State. 

Several of the important precious metal deposits associated with the 
late Tertiary lavas are clearly older than upper Miocene sediments, but 
others are younger than upper Miocene. In the ore of the older group 
of deposits silver exceeds gold by weight, while in those of Pliocene age 
gold is commonly in excess. The Miocene deposits have on the whole 
proved far more productive than those of the younger group. 

From the available geologic data and a review of the history of pro- 

1 Published by permission of the Director, U. S. Geological Survey. Presented 
before Society of Economic Geologists, Cleveland, Ohio, December, 1927. 
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duction it is concluded that the western argentiferous quartz veins as- 
sociated with granitic intrusives offer little hope of important future 
production but on the other hand the eastern deepseated deposits may con- 
tinue to be important producers of base metals; and that, of the near- 
surface deposits associated with Tertiary lavas the silver and silver-gold 
veins of Miocene age are likely to prove of more importance than the 
Pliocene gold-bearing veins. 


INTRODUCTION. 


THE object of this paper is to present and discuss certain out- 
standing features in the geographic and geologic distribution of 
the ore deposits of Nevada. The writer’s personal acquaintance 
with the region is chiefly within the area covered by the Haw- 
thorne and Tonopah topographic maps embracing the area between 
latitude 38° and 39° and longitude 117° and 119°. For the re- 
mainder of the State liberal use has been made of Lincoln’s 
excellent compilation,” supplemented by consultation of the litera- 
ture, as far as descriptions of the various districts are available. 
Lincoln’s book is of especial value, as concise summaries of the 
geology, production data, and complete bibliographies accompany 
the descriptions of the various districts. In the following pages 
no attempt is made to give complete references but there is cited 
for each district the appropriate page references to Lincoln’s book 
and reference is also given to the publication giving the most com- 
plete description of the district. 

Of the 319 descriptions of mining districts of Nevada given by 
Lincoln several refer to districts whose major product is tung- 
sten, mercury, manganese or non-metallic minerals, which are not 
considered in the present paper; for others the data given are too 
scanty to permit even a guess as to their geologic classification. 
For 239 districts however, which have produced gold, silver, lead, 
zinc or copper, enough geologic data are available to allow at 
least a tentative classification. Since, however, the object of the 
paper is to show only the major features of distribution and to 
speculate as to their causes, discussion will for the most part be 
confined to those districts which are credited by Lincoln with a 
production of over $1,000,000 gross. 


2Lincoln, Francis Church, “Mining Districts and Mineral Resources of 
Nevada,” Nevada Newsletter Publishing Co., Reno, 1923. 
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THE MINING DISTRICTS OF NEVADA. 


MAJOR GEOLOGIC FEATURES. 


The following features of the geology of Nevada are of sig- 
nificance to the student of ore deposits. Paleozoic rocks occur 
throughout the state; the Paleozoic section in the eastern part 
contains a larger proportion of limestone members than in the 
west, but the Triassic and Jurassic strata in the western part of 
the state contain thick limestones and also lavas. In the west- 
central part, extending certainly as far to the east as the center of 
Nye County, the Paleozoic and Mesozoic sediments are strongly 
folded and cut by intrusive masses of granitic rocks. The great 
Sierra Nevada batholith which was intruded near the close of the 
Jurassic lies along the western border of the state. It is reason- 
able, therefore, to infer that the smaller areas of granitic rocks 
bordering it on the east, are, like those on its western flank in the 
California gold-belt, satellitic to the main batholith and intruded 
at about the same time. 

There is another belt of intense folding, accompanied by major 
thrusting, which parallels the eastern border of the state in west- 
ern Utah, extends southwestward through Clark County, and 
enters California west of Goodsprings. Granitic intrusions also 
accompanied this folding. This folding and intrusion are con- 
sidered to be of early Tertiary age. Butler * considers that the 
granitic rocks of the plateau region and the eastern part of the 
Great Basin in Utah were intruded during the early Tertiary. 
Nolan * has found in the Gold Hill district, Utah, close to the 
Nevada line, monzonite intrusions which are younger than folded 
sediments of probable Eocene age and Hewett ° has likewise con- 
cluded that the granitic intrusives in the vicinity of the Good- 
springs district are of Tertiary age. The intrusion of granitic 
rocks, therefore, appears to be not later than late Jurassic or early 


3 Butler, B. S., “ Ore Deposits of Utah,” U. S. Geol. Surv. Prof. Paper 111, p. 99, 
1920. 

4Nolan, T. B., “ The Gold Hill District, Utah,” U. S. Geol. Surv. Prof. Paper 
(in preparation). 

5 Hewett, D. F., “ The Goodsprings District, Nevada,” U. S. Geol. Surv. Prof. 
Paper (in preparation). 
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Cretaceous in the western part of the State and not earlier than 
the Eocene in the eastern and southern parts. 

In the central part there are also many areas of granitic rocks, 
and for these no direct evidence of age is available. It may be 
that the locus of intrusion moved gradually eastward from the 
Sierra Nevada to the Rocky Mountain region and that the areas 
of granitic rocks, intermediate in position between the Sierra 
Nevada batholiths and the Tertiary batholiths to the east are also 
intermediate in time,® or there may have been two distinct and 
sharply separated episodes of granitic intrusion. Since, as far as 
known, there was no intermediate period of folding between the 
post-Jurassic revolution of the Sierra Nevada region and the 
much later folding in the eastern and southern parts of the State, 
the second hypothesis seems the more reasonable, and it is believed 
that the distribution of the ore deposits associated with granitic 
intrusions offers additional confirmatory evidence. 

The youngest rocks of the State are lavas and non-marine sedi- 
ments ranging in age from the middle of the Tertiary to the Pleis- 
tocene. In central and southern Nevada areal reconnaissance has 
shown that sediments of upper Miocene age (Esmeralda forma- 
tion) occur over wide areas and thus give a convenient datum for 
separation of the older and younger lavas. Similar sediments of 
Pliocene age are also present in parts of the State, particularly 
north of the fortieth parallel, and less abundantly in the south. 

The lavas and sediments of post-granitic age are much faulted 
and locally highly tilted but major folding is lacking. There has 
been normal faulting on a large scale from some time prior to the 
upper Miocene to within Recent time. The characteristic desert 
range topography is due principally to faulting; the present relief 
is in large part the direct expression of movement on normal 
faults, but also in part due to rejuvenation of fault-scarps by 
erosion. 


6 Lindgren, W., “ The Igneous Geology of the Cordilleras and its Problems: 


Problems of American Geology,” p. 260, New Haven, 1915. 
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EPOCHS OF ORE DEPOSITION. 


Ore deposition accompanied both periods of granitic intrusion, 
and there are also many important deposits within the Tertiary 
lavas. The deeper-seated deposits associated with the granitic 
intrusives include contact-metamorphic deposits, and veins and 
replacement deposits in the intrusive and invaded rocks, and fall 
within the “ mesothermal,” “hypothermal,” and “ pyrometa- 
somatic” classifications of Lindgren.*. The younger deposits are 
commonly inclosed in the Tertiary lavas and near-surface intru- 
sives, and are rarely found within the older rocks. These belong 
to the “ epithermal deposits ” of Lindgren’s classification. It is 
thought that each class of deposits contains representatives of two 
distinct epochs of ore deposition. Although Mesozoic lavas are 
common in western Nevada, no ore deposits geneticaliy connected 
with these lavas are known. 


DEPOSITS ASSOCIATED WITH GRANITIC INTRUSIVES. 


Fig. 1 shows the location of the more productive ore deposits 
of Nevada, which appear to be in more or less close association 
with granitic intrusives and are certainly older than the Tertiary 
lavas. They have been roughly classified according to total pro- 
duction, based on the estimates and production figures given by 
Lincoln, according to the type of the principal deposits (vein, re- 
placement and contact-metamorphic) and according to the metal 
chiefly produced. The classification is not precise since complete 
production data are lacking for many districts, several districts 
contain ore deposits of different types and no district has produced 
only a single metal. It is particularly difficult to draw a line be- 
tween the silver and lead producing districts. It was found con- 
venient to base the distinction on arbitrary ratios derived from 
production figures. <A district in which the production data show 
a ratio of ounces of silver to pounds of lead of 2 to I or greater is 
called for convenience a silver district. What is here called a 
silver-lead district is one in which this ratio is between 2 : 1 and 
I :2 and a lead-silver or lead district one in which the ratio of 
ounces of silver to pounds of lead is less than I to 2. 


7 Lindgren, W., “ Mineral Deposits,’ 3d edition, New York, 1928. 
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It is evident from the map, that, taken as a whole, a different 
type of mineralization prevails in the east from that of the western 
part of the State. 


The western group of deep-seated deposits 
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Fic. 1. Map showing distribution of principal ore deposits of Nevada 
associated with granitic intrusives. 
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yielded principally silver with only minor amounts of base metals 
from enriched ore of quartz veins; and only a few districts, such 
as the copper camps of Yerington and Santa Fé and the lead-zinc 
districts of Cerro Gordo and Darwin in California east of the 
Sierra Nevada, have produced principally base metals. On the 
other hand, in eastern Nevada base metal deposits are the rule and, 
though many of the camps in their early days were important pro- 
ducers of silver from oxidized and enriched zones, the primary 
ore, wherever workable, and a large portion of the oxidized ore as 
well, has proved to be important principally for base metals, lead 
(with more or less primary silver), copper, or zinc. Mesothermal 
deposits in which the primary ore is valuable chiefly for silver are 
uncommon in the eastern part of the State. Table I, in which 
a classification is made of all districts listed by Lincoln which 
appear to belong to this class, shows that the same relations hold 
true, though less decisively, for the less important districts. 


TABLE I. 


DISTRIBUTION OF NEvAvA MininG Districts, PropuciInG ORES OF PRE-VOLCANIC 
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1 Washoe, Pershing, Humboldt, Storey, Ormsby, Douglas, Lyon, Churchill, 
Mineral, Lander, Nye, and Esmeralda counties. 
2 Elko, Eureka, White Pine, Lincoln, and Clark counties. 
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The difference in character between the ore deposits of the 
Pacific states and those of the Rocky Mountain region appears to 
hold true over a wide area. A compilation of total production of 
the deposits of this type would show a great preponderance of 
precious metal output from deposits dependent on the Sierra 
batholith and its satellites and a similar preponderance of base 
metal production from those of the Rocky Mountain region. 
The production statistics for 1918 analyzed and shown graphically 
in the World Atlas of Commercial Geology * bring out the same 
relations. The only important copper production west of the 
117th Meridian is from Calaveras and Shasta counties, Cali- 
fornia, and the Yerington district, Nevada, amounting in all to 
only 4 per cent. of the country’s production, while the major dis- 
tricts in the belt of early Tertiary batholiths and stocks between 
the 107th and the 115th meridians account for 79 per cent. of the 
1918 copper output. Similarly west of the 117th meridian the 
only important lead and zinc deposits are those of Inyo county, 
California, which yielded one per cent. of the lead and less than 
one per cent. of the zine production while major districts of the 
eastern belt gave 46 per cent. of the lead and 30 per cent. of the 
zinc. The veins and placers of the Sierra Nevada in 1918 yielded 
over 27 per cent. of the gold production, nearly all from the west- 
ern side of the Sierra batholith. The similar veins in the older 
rocks whose content of supergene silver minerals made the fame 
of Nevada 60 years ago were no longer sufficiently productive to 
enter the picture to any extent. Rochester shows a silver pro- 
duction of one per cent. and Mineral County, one per cent. each of 
gold and silver, but this also includes output from late Tertiary 
ores. The precious metal production of the Rocky Mountain 
region, excluding the deposits of epithermal type such as those of 
Cripple Creek and the San Juan region, is nearly all a by-product 
of the production of base metal districts and for 1918 amounted 
to about 10 per cent. of the total for gold and about 60 per cent. 
for silver. Of course this relation does not hold true for small 


S$“ World Atlas of Commercial Geology,” Part I. Mineral Production, U. S. 
Geological Survey, Plates 40 and 48, 1921. 
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areas. There is a tendency to zonal distribution in individual 
areas both in eastern and western Nevada, with copper and gold 
within the intrusive or close to the contact and lead and silver ores 
at a distance. Nor is this generalization consistent in detail with 
the results of the studies by Schofield ® and Hanson * in British 
Columbia and by Buddington *' in southeastern Alaska. 

The western deposits are most commonly well-defined quartz 
veins ** which cut both the intrusives and the intruded rocks. In 
places, as in several of the Humboldt county districts,”* there is a 
tendency for veins to be present in the non-calcareous rocks and 
irregular replacement deposits in the limestones, but at Belmont ** 
sharply defined veins cross limestones. The gangue of the west- 
ern veins is principally quartz with minor amounts of carbonate 
minerals. There appears to be no widespread carbonatization or 
sericitization of the adjoining wall rocks. The primary sulphides 
include pyrite, arsenopyrite, tetrahedrite, galena and sphalerite, 
jamesonite, and stibnite, and are argentiferous and _ slightly 
auriferous. The presence of abundant antimonial sulphides 
seems to be characteristic of many of the deposits in the western 
part of the state. In all of the districts which have had an im- 
portant production the valuable ore contained supergene silver 
minerals and the primary sulphides have almost never proved 
workable. 

Although gold-bearing veins also occur in many districts only a 
few have proved to be of any commercial importance. The prin- 

9 Schofield, S. J., “ Geology and Ore Deposits of the Salmon River District, 
B. C.” Canada Geol. Surv. Mem., 132, pp. 64-71, 1922. 

10 Hanson, George, “ Zoning of Mineral Deposits in British Columbia,” Trans. 
Roy. Soc. Canada, 3d ser., vol. 21, Pt. 2, sec. 4, pp. 119-126, 1927. 

11 Buddington, A. F., “ Coincident Variations of Types of Mineralization and of 
Coast Range Intrusives,” Econ. GEot., vol. 22, pp. 158-179, 1927. 

12 The term “vein” is here used in the sense of a tabular deposit discordant 
to the structure of the inclosing rocks and without connotation as to its mode of 
origin. 

13 Ransome, F. L., “ Notes on Some Mining Districts in Humboldt County, 
Nevada,” U. S. Geol. Survey, Bull. 414, 1909. 

14 Lincoln, p. 160-161; Emmons, S. F., U. S. Geol. Expl. Fortieth Parallel, vol. 


3, PP. 393-405, 1870; Spurr, J. E., “ Quartz-Muscovite Rock from Belmont, Nev.,” 
Amer. Jour Sci., 4th series, vol. 10, p. 355, 1900. 
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cipal gold deposits are those of the Silver Peak district,* in which 
quartz veins and lenses associated with alaskite carry native gold 
with pyrite and galena. The ore of the Pine Grove district * 
appears to be of a similar nature, though here the production fig- 
ures given by Hill show a larger amount of silver than gold, 
though the gold produced exceeds the silver in value. The work- 
able silver ore appears to be of supergene origin. In districts 
where both gold- and silver-bearing veins occur, as at Rochester,” 
the auriferous veins appear to have been formed under higher 
temperature conditions. The gold-bearing veins of the Silver 
Peak district occur within or close to the intrusive, whereas in the 
neighboring Palmetto district ** the veins cutting the limestones 
and slates at a distance from the contact have yielded chiefly silver. 

The only two districts in western Nevada whose production 
exceeds $1,000,000 which have produced chiefly copper are the 
Santa Fé and Yerington districts. The Yerington district *® has 
had a considerable production, but it does not rank among the 
major copper districts of the country. The ore bodies are of the 
contact-metamorphic type. Pyrite and chalcopyrite occur in a 
gangue of pyroxene, garnet and epidote as replacements of lime- 
stone. Secondary enrichment has not been important. The 
Santa Fé district *° has been far less productive. The primary 
ore is similar in character to that of the Yerington but the ore- 
bodies are small and irregular and have not proved productive 
below a relatively shallow zone of oxidation and enrichment. 

The only lead and lead-zinc deposits of this general region 
which have been important producers are those of the Cerro 

15 Spurr, J. E., “ Ore Deposits of the Silver Peak Quadrangle, Nevada,” U. S. 
Geol. Survey Prof. Paper 55, pp. 34-74, 1906. Lincoln, pp. 81-82. 

16 Hill, J. M., “Some Mining Districts in Northeastern California and North- 
western Nevada,’”’ U. S. Geol. Surv. Bull. 594, pp. 133-141, 1915. Lincoln, pp. 
148-149. 

17 Lincoln, pp. 213-215; Knopf, A., “ Geology and Ore Deposits of the Rochester 
District, Nevada,” U. S: Geol. Survey Bull. 762, pp. 42-53, 1924. 

18 Lincoln, pp. 79-80; Spurr, J. E., op cit., pp. 86-87. 

19 Lincoln, pp. 133-137; Knopf, A., “ Geology and Ore Deposits of the Yering- 
ton District, Nevada,’ U. S. Geol. Surv. Prof. Paper 114, 1918. 

20 Lincoln, pp. 153-154; Hill, J. M., op. cit., pp. 157-171. 
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Gordo and Darwin districts in Inyo County, California. In the 
Cerro Gordo district * large amounts of oxidized argentiferous 
lead ore and oxidized zinc ores have been mined from replace- 
ment deposits in limestone which was more or less dolomitized at 
the time of mineralization. The primary sulphides are galena 
with subordinate sphalerite, tetrahedrite, and pyrite. In the 
Darwin district ** argentiferous galena occurs both in contact 
metamorphic deposits in altered limestone and in fissure veins 
crossing lime-silicate rock. 

The prevalence of the vein type of deposit in western Nevada 
in contrast to the replacement type prevailing in the eastern part 
of the state was early noted by Raymond,” who quotes Clarence 
King’s observations on the general lines of distribution of mining 
districts and calls attention to the difference in type hetween the 
veins of the Reese River (Austin) district and the irregular re- 
placement deposits of White Pine (Hamilton). Ball ** notes the 
prevalence of the vein type of deposit in southwestern Nevada. 
Spurr,” in his discussion of the ore deposits of Silver Peak, Reese 
River (Austin), Belmont, and southern Klondike, points out the 
similarity of the veins of these districts to the California gold 
veins. Lindgren ** notes the same similarity in the older veins of 
the Santa Rosa Range, Humboldt County. The writer was also 
struck by the close resemblance of the veins of the Belmont, Union 
Canyon, Silver Star (Marietta), and minor districts of this type 
in the Hawthorne and Tonopah quadrangles to the California 
veins. These districts all have well-defined persistent veins of 

21 Knopf, A., “ A Geologic Reconnaissance of the Inyo Range and the Eastern 
Slope of the Southern Sierra Nevada, California,” U. S. Geol. Surv. Prof. Paper 
110, pp. 105-118, 1918. 

22 Knopf, A., “ The Darwin Silver-lead Mining District, California,” U. S. Geol. 
Surv. Bull. 580, pp. 1-18, 1915. 

23 Raymond, R. W., “The Geographical Distribution ‘of Mining Districts in 
the United States,” Trans. Amer. Inst. Min. Eng., vol. 1, p. 3, 1873. 

24 Ball, S. H., “ A Geologic Reconnaissance in Southwestern Nevada and Eastern 
California,” U. S. Geol. Surv. Bull. 308, pp. 44-46, 1907. 

25 Spurr, J. E., “ Genetic Relations of the Western Nevada Ores,” Trans. Amer. 
Inst. Min. Eng., vol. 36, pp. 399-402, 1906. 


26 Lindgren, W., “ Geology and Mineral Deposits of the National Mining Dis- 
trict, Nevada,” U. S. Geol. Surv. Bull. 601, p. 12, 1905. 
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white coarse-grained quartz with patches of mixed sulphides. 
Other than the lower average gold content of the Nevada veins, 
the principal difference from the California veins seems to be that 
the alteration of the adjoining wall rock to carbonate and sericite 
which is common in California is not prominent in connection 
with the Nevada veins. The lack of primary gold on the Nevada 
side of the Sierra batholith is in part compensated by the prevail- 
ing deep zone of oxidation and enrichment which has permitted 
in the past a large production from surficially enriched silver ores. 

The quartz veins of the California gold belt have produced 
many millions of dollars in gold, while the similar veins of west- 
ern Nevada have been in general productive only of silver and that 
only in the zone of oxidation and supergene enrichment. Dif- 
ference in the extent of erosion, east and west of the crest of the 
Sierra does not seem an adequate explanation for the absence of 
gold in Nevada. The Nevada region has to some extent been 
protected from erosion by down-faulting along the present eastern 
front of the Sierra. This faulting took place at intervals during 
the Tertiary and Pleistocene and the topographic expression of the 
Pleistocene faulting still persists. The Pleistocene faulting which 
has an average magnitude of not more than 2,000 feet, as meas- 
ured by the difference in elevation between the Sierra summit and 
the summits of the Nevada ranges, may probably be left out of 
consideration, for some of the Nevada veins reach a pre-Pleisto- 
cene erosion surface which was probably once continuous over a 
wide area. The amount of earlier faulting was probably of some- 
thing the same order of magnitude, and to this extent the out- 
crops of the Nevada veins reach a higher level than those of Cali- 
fornia. Also during the Cretaceous and early Eocene there may 
have been more active erosion on the California side than in 
Nevada. But it can be inferred from the Tertiary placer gravels, 
that the California veins retained their present character for a 
considerable distance above their present outcrops. The amount 
of erosion represented by the Eocene auriferous gravels is prob- 
ably of the order of magnitude of 1,000 or 2,000 feet. Lind- 
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gren ** moreover describes auriferous gravel of pre-Chico (Lower 
Cretaceous) age, so that it is a fair assumption that the California 
veins retained their auriferous character for a considerable height, 
perhaps 4,000 or 5,000 feet, above their present outcrops. There 
seems to be no likelihood, therefore, that any significant difference 
in distance from the source due to less erosion of the Nevada veins 
can account for their lack of gold. 

The California veins are almost everywhere accompanied by 
more or less replacement of the adjoining country rock by car- 
bonates, generally ankerite, with more or less sericite or mari- 
posite. This type of wall-rock alteration is not prominent, as far 
as the writer is aware, in the Nevada silver veins, although man- 
ganiferous ferrodolomite is the principal gangue mineral of the 
Candelaria veins,”* and calcite and other carbonates are present 
in the veins of other districts. In the veins of the Alleghany dis- 
trict (California) studied by the writer *° it is clear that ankerite 
is later than and replaces the quartz, and that the gold and several 
of the sulphides are also distinctly later than the quartz and con- 
temporaneous with the ankerite. Howe * finds that at Grass 
Valley the gold and calcite are later than the quartz and were in- 
troduced after the quartz had been fractured. Hulin ** has shown 
that gold is one of the last minerals of the veins of the Mother 
Lode. 

Proof that the gold of the California veins was deposited at a 
later stage of mineralization, not present in Nevada, would not 
explain the difference between the California and Nevada veins 
if both derived all their minerals from the same magmatic source, 
and it would therefore be necessary to assume that the magma 
which formed the satellitic batholiths of western Nevada was 

27 Lindgren, W., “ The Tertiary Gravels of the Sierra Nevada,” U. S. Geol. 
Surv. Prof. Paper No. 73, p. 23, 1911. 

28 Knopf, A., “ The Candelaria Silver District, Nevada,’ U. S. Geol. Surv. Bull. 
735» P. 14, 1923. 

29 Ferguson, H. G., “ The Alleghany District, California,” U. S. Geol. Surv. Prof. 
Paper (in preparation). 

80 Howe, E., “ The Gold Ores of Grass Valley, California,” Econ. GEot., vol. 19, 
PP. 595-622, 1924. 

81 Hulin, Carlton D., “ Structural Control of Ore Deposition,” Econ. GEot., vol. 
24, PP. 31-32, 1929. 
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deficient in gold ; although these batholiths are in the same position 
relative to the central batholith as those on the California side and 
there seems to be no significant difference in the depth to which 
erosion has reached. 

In the California gold-belt there are abundant basic rocks, 
gabbros, amphibolites and serpentines which are older than the 
granitic intrusives. The fairly close association of serpentines 
and auriferous veins has led Lindgren * to suggest that the gab- 
bros and peridotites and the albite-aplite dikes which accompanied 
these basic intrusions may have been a source of at least a part of 
the gold. The nearly complete absence of such basic intrusions in 
western Nevada is perhaps confirmatory evidence for Lindgren’s 
suggestion. On the other hand no important basic intrusives oc- 
cur in the Silver Peak district, which has been the most important 
of the pre-Tertiary gold camps of western Nevada. 

In eastern Nevada lead or lead-silver deposits are the most 
abundant. Several districts, such as Eureka,** yielded large 
amounts of oxidized silver ores in the years following their dis- 
covery but have made their principal production from lead ores 
with a low silver content. The Jack Rabbit ** and Pioche * pro- 
duced much silver in the early days of mining but silver has 
formed only a small fraction of the value of the recent produc- 
tion. 

The White Pine district ** was in its early days an important 
silver producer, but the supergene silver ores of Treasure Hill 
were distinct from the ores of the “ lead-belt ’’ developed at a later 
date, which carry only a small amount of silver. The Yellow 
Pine (Goodsprings) * district in the southern part of the State 

82 Lindgren, W., “ Mineral Deposits,” 3d edition, p. 627. New York, 1928. 

33 Lincoln, pp. 88-93; Hague, A., “ Geology of the Eureka District, Nevada,” 
U. S. Geol. Surv. Monograph 20, 1892. 

34 Lincoln, pp. 121-123; Westgate, L. G., and Knopf, A., “ Geology of Pioche, 
Nevada and Vicinity,” Bull, Amer. Inst. Min and Met., 1647-I., 1927. 

35 Lincoln, pp. 124-127; Westgate & Knopf, op. cit. 

86 Lincoln, pp. 257-259; Larsh, W. S., “ Mining at Hamilton, Nevada,” Mines 
and Minerals, vol. 29, pp. 521-523, 1909. 


87 Lincoln, pp. 29-33; Hewett, D. F., “ The Goodsprings District, Nevada,” U. 
S. Geol. Surv. Prof. Paper (in preparation). 





| 
; 
; 
{ 





is the « 
been o 
standi1 
type w 
other : 
where 
presen 
the in 
Gold-t 
Fergu 

large 
quartz 
gold i 
The 
ferenc 
easter 
avera: 
west, 
depos 
the g 
east n 
or the 
of tl 
hypot 
to dit 
contr 
trusi 
size | 
coulc 
west 
ment 
tend 
trusi 
38 | 


Nevac 
39] 


Mines 
9 





—- Fs we 


we 





THE MINING DISTRICTS OF NEVADA. 129 


is the only important district in which the production of zinc has 
been of more value than that of other metals. Ely ** is an out- 
standing example of a deposit of disseminated copper ore of the 
type which prevails in the Rocky Mountain region. There are no 
other important copper districts in eastern Nevada, but in places 
where there are small areas of intrusives exposed, copper ores are 
present in the intrusive and the lead-silver or lead-zinc ores in 
the intruded sedimentaries at some distance from the contact. 
Gold-bearing veins have been mined in a few districts but the 
Ferguson (.Delamar) * district is the only one which has yielded a 
large production. In this district irregular impregnations of 
quartzite adjoining a fissure have yielded ore carrying silver and 
gold in the ratio of about 2 to 1. 

There are three possible explanations for the prevailing dif- 
ference in habit of the deep-seated ore deposits of western and 
eastern Nevada. The difference may be due to the fact that 
average depth of erosion is presumably less in the east than in the 
west, due to difference in age of intrusion, and that the western 
deposits therefore reflect conditions of higher temperature; or 
the greater proportion of limestone in the stratified rocks of the 
east may have influenced the form and content of the ore deposits ; 
or the difference may be a function of the different age and source 
of the associated granitic intrusives. To the writer the last 
hypothesis is the most reasonable. Difference in temperature due 
to differences in the amount of erosion can hardly have been the 
controlling factor since at the different heights to which the in- 
trusives have risen in different regions, areas varying greatly in 
size are now exposed, so that differences in heat and pressure 
could not have been very important. The precious metal veins of 
western Nevada and California, as well as the base metal replace- 
ment deposits of eastern Nevada and the Rocky Mountain States 
tend to surround not the major batholiths but small areas of in- 
trusives whose exposed area and position suggest that they are 

88 Lincoln, pp. 245-251; Spencer, A. C., “ Geology and Ore Deposits of Ely, 
Nevada.” U. S. Geol. Surv. Prof. Paper 90, 1917. 

39 Lincoln, pp. 119-120; Emmons, S. F., “The Delamar and Horn-Silver 


Mines,” Trans. Amer. Inst. Min. Eng., vol. 31, pp. 658-675, 1902. 
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apically truncated stocks, generally satellitic to larger batholiths, 
and there seems to be no significant difference in the areas of such 
granite exposed in the east and west. Control by the wall rock 
may have been important since limestones form a larger propor- 
tion of the section in the east than in the west, but the vein type 
of deposit with sparse sulphides seems to prevail in the west even 
where limestone forms the country rock, whereas in the east, 
although the position of the deposits was naturally controlled by 
pre-existing fissures, the ore forming solutions were able to dis- 
solve the country rock to a far greater extent and thus tend to 
occur as replacement deposits. The total content of metallic 
minerals is also far less in the western deposits than the eastern, 
but as regards their usefulness this has been compensated by the 
presence of primary gold in the California veins and of super- 
gene silver minerals in the veins of western Nevada. It is there- 
fore thought likely that this difference in habit of mineralization 
is a function of the different age and source of the associated in- 
trusives, and the writer believes that two distinct metallogenetic 
provinces are here represented, the western dependent upon in- 
trusives of late Jurassic or early Cretaceous age, and the eastern 
on the early Tertiary intrusives of the Rocky Mountain region. 
The distinction between the two types of ore deposits is not suf- 
ficiently sharp to allow any definite statement as to how far to the 
west the early Tertiary intrusives extended. Inspection of 
analyses of the granitic rocks of the Sierra Nevada and the 
Rocky Mountain batholiths reveals no constant difference in com- 
position, and direct geologic data on the age of the Nevada 
granites are almost completely lacking. Hewett *° finds that in 
southern Nevada and southeastern California granitic rocks of 
probable Tertiary age extend as far west as the western border of 
the Ivanpah quadrangle (116th Meridian). In central Nevada 
the contrast between the Reese River and Belmont deposits on one 
hand and those of Eureka on the other, suggests the position for 
the western limit of the Rocky Mountain metallogenetic province 
in this part of the State. Since, as far as known, there is no 


40 Hewett, D. F. Personal communication. 
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wide belt free from intrusive rocks in central Nevada, it is to be 
supposed that overlap is somewhere present; but so far no evi- 
dence of this has been found. 


DEPOSITS IN THE TERTIARY LAVAS. 


Deposits associated with Tertiary surficial lavas and shallow 
intrusions have yielded a large proportion of Nevada's output of 
gold and silver but practically no base metals. It is thought that 
there are two distinct periods of late Tertiary mineralization, each 
characterized by certain distinctive features. 

In Hawthorne and Tonopah quadrangles in western Nevada 
there are Tertiary lavas of varied composition older than the 
Esmeralda formation, and hence not later than upper Miocene in 
age; lavas, chiefly rhyolitic, of about the same age as the Es4 
meralda; later andesitic lavas and associated sediments of prob- 
able Pliocene age; and finally Pleistocene basalts. Recent recon- 
naissance indicates that the same sequence prevails in the Lowry 
Peak quadrangle, northeast of the Tonopah quadrangle, and in 
the Silver Peak region, south of Tonopah. 

Ball’s reconnaissance of southwestern Nevada *' indicates a 
thick series of rhyolites with minor andesites older than the 
“Siebert lake beds,” which are now known to be a part of the 
Esmeralda formation and of upper Miocene age. As in the 
Hawthorne and Tonopah quadrangles, the Esmeralda formation 
is overlain conformably by rhyolitic lavas. The succeeding 
Pliocene andesitic rocks do not appear to be present in the area 
covered by Ball’s reconnaissance. 

Reconnaissance study of the Hawthorne and Tonopah quad- 
rangles and the results of detailed study of several other mining 
districts, indicate that the epithermal ore deposits of Tertiary age 
belong to two distinct periods, the older of pre-Esmeralda age, 
probably Miocene, and found only in the pre-Esmeralda lavas; 
and the younger, later than the rhyolitic and dacitic lavas which 
intrude and overlie the Esmeralda formation but older than the 


41 Ball, Sydney H., “ A Geologic Reconnaissance in Southwestern Nevada and 
Eastern California,” U. S. Geol. Surv. Bull. 308, p. 27 and pp. 31-35, 1907. 
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andesitic series, and consequently of latest upper Miocene or 
earliest Pliocene age. 

In the area covered by the Hawthorne and Tonopah quad- 
rangles the productive veins of Tonopah,** Aurora,** and Raw- 
hide ** are confined to the lavas of pre-Esmeralda age. At the old 
mining camp of Bodie,** in California, but only 7 miles from the 
Aurora district, the lavas surrounding the camp appear to belong 
to the same post-Esmeralda series which at Aurora is later than 
the veins. According to Eakle and McLaughlin, however, the 
veins of Bodie outcrop in a small area of older andesite exposed 
by erosion of the later flows. This relation suggests contempo- 
raneity of vein formation in the two neighboring camps. 

There is evidence that deposits in other parts of Nevada are of 
the same age. Schrader finds the same relations at Wonder ** as 
at Rawhide. The veins of Bullfrog ** are in lavas mapped by 
Ball ** belonging to the pre-Esmeralda (pre-“ Siebert ’’) series, 
though the authors of the Bullfrog bulletin consider that “ the 
evidence for this conclusion is not so complete as might be desir- 
able.” *° At Jarbridge *° the veins cut rhyolites of probable Mio- 

42 Lincoln, pp. 184-193; Spurr, J. E., “ Geology of the Tonopah Mining Dis- 
trict, Nevada,” U. S. Geol. Surv. Prof. Paper 42, 1905; “ Geology and Ore Depo- 
sition at Tonopah, Nevada,” Econ. GEoL., vol. 10, pp. 713-769, 1915. 

43 Lincoln, pp. 137-138; Hill, J. M., “Some Mining Districts in Northeastern 
California and Northwestern Nevada,” U. S. Geol. Surv. Bull. 594, pp. 141-150, 
IgIs. 

44 Lincoln, pp. 151-152; Schrader, F. C., “Ore Deposits of the Carson Sink 
Quadrangle, Nevada,” U. S. Geol. Surv. Bull. (in preparation). 

45Irelan, W., Eighth annual report of the State Mineralogist, California State 
Mining Bureau, pp. 382-400, 1888; Eakle, A. S. and McLaughlin, R. P., “ Mines 
and Mineral Resources of Alpine Co., Inyo Co., and Mono Co.,” Cal. State Min. 
Bur., pp. 131-156, 1917. 

46 Schrader, F. C., “ Ore Deposits of the Carson Sink Quadrangle, Nevada,” 
U. S. Geol. Surv. Bull. (in preparation). 

47 Lincoln, pp. 162-163; Ransome, F. L., Emmons, W. H., and Garrey, G. H., 


“ Geology and Ore Deposits of the Bullfrog District, Nevada,” U. S. Geol. Surv. 
Bull. 407, 1910. 


48 Ball, S. H., “ A Geologic Reconnaissance of Southwestern Nevada and Eastern 
California,” U. S. Geol. Surv. Bull. 308, pp. 180-181, 1907. 

49 Ransome, F. L., et. al., op. cit., p. 31. 

50 Lincoln, pp. 48-50; Schrader, F. C., “ The Jarbridge Mining District, Nevada,” 
U. S. Geol. Surv. Bull. 741, pp. 23-24, 1923. 
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cene age which are overlain by barren rhyolites which Schrader 
considers as probably Pliocene. 

Except Jarbridge, none of the mining districts of northern 
Nevada have been studied in sufficient detail to determine the age 
of the lavas and inclosing ore deposits with any certainty. In the 
area between latitudes 40° and 42° and longitudes 116° and 117° 
(including the Tuscarora and Gold Circle districts) studied 
by W. H. Emmons, the lavas, chiefly rhyolite with subordinate 
andesite, which contain the ore deposits, are older than the Plio- 
cene Humboldt formation.** The lavas of the National district * 
are regarded by Lindgren *° as probably Miocene in age. 

Field work in the Hawthorne and Tonopah quadrangles as well 
as detailed studies of the two districts has shown that the deposits 
of Manhattan °° and Round Mountain” are of post-Esmeralda 
age. The veins of several districts of minor importance are also 
in rocks, principally rhyolites, later than or contemporaneous with 
the Esmeralda formation. These include Divide,** Gilbert,*° 
the gold veins of the Bell (Omco) district,” Fairplay (Goldyke, 
Atwood) “ and the later gold-bearing veins of Tonopah. Gold- 

51 Lincoln, pp. 57-58; Emmons, W. H., “A Reconnaissance of the Mining 
Camps in Elko, Lander and Eureka Counties, Nevada,” U. S. Geol. Surv. Bull. 408, 
Igi0. 

52 Lincoln, pp. 45-46; Emmons, W. H., idem, pp. 48-57. 

53 Emmons, W. H., idem., pp. 34-35. 

54 Lincoln, pp. 100-101; Lindgren, W., “ Geology and Mineral Deposits of the 
National Mining District, Nevada,” U. S. Geol. Surv. Bull. 601, 1915. 

55 Op. cit., p. 11. 

56 Lincoln, pp. 175-177; Ferguson, H. G., “ Geology and Ore Deposits of the 
Manhattan District, Nevada,” U. S. Geol. Surv. Bull. 723, 1924. 

57 Lincoln, pp. 180-181; Ferguson, H. G., “The Round Mountain District, 
Nevada,” U. S. Geol. Surv. Bull. 725, pp. 383-406, 1921. 

58 Lincoln, pp. 64-66; Knopf, A., “ The Divide Silver District, Nevada,” U. S. 
Geol. Surv. Bull. 715, pp. 147-170, 1921. 

59 Ferguson, H. G., “ The Gilbert District, Nevada,” U. S. Geol. Surv. Bull. 795, 
PP. 125-145, 1927. 

60 Lincoln, pp. 138-140; Knopf, A., “ Ore Deposits of Cedar Mountain, Nevada,” 
U. S. Geol. Surv. Bull. 725, pp. 361-382, 1921. 

61 Lincoln, p. 167. 
62 Spurr, J. E., “ Geology of the Tonopah Mining District, Nevada,” U. S. Geol. 
Surv. Prof, Paper 42, p. 99, 1905. 
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field ** is the only district outside of this area known to the writer 
in which ore deposition is certainly of post-Esmeralda age. The 
Oatman district * in Arizona, close to the Nevada line, seems to 
be of similar character, but the age of ore deposition, except that 
the inclosing lavas are probably of middle or late Tertiary age, 
is not definitely known. 
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Fig. 2 shows the distribution of the more productive late Ter- 
tiary deposits of Nevada with the principal metal produced and 
the age, where known; and Table II is an attempt at classification 
on the basis of predominant metal content of all the districts men- 
tioned by Lincoln which appear to lie within or to be closely as- 
sociated with the Tertiary lavas. The table is probably consider- 
ably in error as regards the grouping of many of the less important 
districts, owing to insufficient data. Available information is too 
slight to attempt a classification on an age basis, but it may be said 


63 Lincoln, pp. 67-73; Ransome, F. L., “ The Geology and Ore Deposits of Gold- 
field, Nevada,” U. S. Geol. Surv. Prof. Paper 66, 1909. 

64 Ransome, F. L., “ Geology of the Oatman District, Arizona,” U. S. Geol. Surv. 
Bull. 743, 1923. 
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that Divide is the only district producing principally silver known 
to belong to the younger group. The table suggests that the 
chances for survival to the point of $1,000,000 production are 
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Fic. 2. Map showing distribution of principal ore deposits of Nevada 
associated with Tertiary lavas. 
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much better for the silver and silver-gold deposits than for the 
gold. There is a suggestion of regional grouping, of the silver 
and silver-gold districts in the north and west central parts of the 
state, and of the gold deposits in two groups centering in Nye and 
Pershing counties. The areal distribution of the Tertiary lavas 
of various ages is not sufficiently known to permit any inference 
as to possible significance of this grouping. 

Although the ore deposits of these two periods of epithermal 
deposition closely resemble one another in certain general features 
and are different in character from the older deposits considered in 
the first part of the paper, yet there are certain points of constant 
difference between them. 

The most striking is the predominance of silver in the deposits 
associated with pre-Esmeralda lavas and of gold in the younger 
deposits. Several of the districts considered to belong to the 
older group, such as Aurora, Bodie, Rawhide, Jarbridge and Na- 
tional, are gold camps, but in all of these the bulk of the silver pro- 
duced exceeds that of the gold. The ratio by weight of gold to 
silver as shown by production records is about 1 : 14 for Aurora, 
1 :8 for Bodie, 1 : 15 for Rawhide, 1 : 1% for Jarbridge. For 
the bulk of the production from National the ratio was about 
I : 50, the same as at Tonopah, but in the rich gold shoot large 
amounts of electrum, with a value of $9 to $11 an ounce, greatly 
increased the total gold produced, though not to the point of ex- 
cess over silver. The production records of the post-Esmeralda 
deposits, on the other hand, largely show an excess of gold over 
silver, commonly in about the ratio of 7 ounces of gold to 3 of 
silver. The Divide district © is the only exception, and here the 
high silver content is the result of supergene enrichment. Gold- 
bearing veins of post-Esmeralda age are also present in this dis- 
trict and have been worked to some extent. 

Certain mineralogical features are also distinctive. In the pre- 
Esmeralda group manganiferous calcite or rhodochrosite is 
commonly an abundant gangue mineral. Primary silver minerals, 


65 Knopf, A., “ The Divide Silver District, Nevada,” U. S. Geol. Surv. Bull. 715, 
PP. 147-170, 1921. 
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chiefly argentite, are also characteristic of the older deposits but 
are lacking in the younger. Primary gold is present in both 
classes of veins but in the older group it is in the form of electrum, 
about equal parts gold and silver, while in the younger deposits the 
proportion of silver is much less and native gold is generally the 
only valuable mineral. For most districts the mineralogy of the 
younger veins is much simpler than of the older. Most of the 
younger deposits are veins of comby quartz with pyrite and free 
gold, but in some of the younger deposits, such as those of Gold- 
field and the limestone ores of Manhattan, the mineralogy is very 
complex. Propyllitic alteration of the wall-rock is more charac- 
teristic of the older group than of the younger. The peculiar 
tabular quartz, pseudomorphous after calcite or originally inter- 
grown with calcite, is common to both classes of epithermal de- 
posits. On the whole the older veins are more continuous and 
better defined than the younger. The ore shoots tend to be larger, 
and though sensationally rich primary ore is less commonly en- 
countered, the pre-Esmeralda deposits have proved on the whole 
larger producers and have been productive to a greater average 
depth than the younger. Spurr has pointed out the similarity of 
Comstock and Tonopah, and if the criteria for distinction between 
the two periods of ore deposition are valid, Comstock ® certainly 
belongs to the earlier rather than the later period. The geologic 
map and sections seem to indicate that the “later hornblende 
andesite ” at Comstock is later than the vein,” but other than this 
no geologic data as to its age within the Tertiary is available. 
The Silver City district * is geologically a continuation of the 
Comstock district. No details are given as to mineralogy but 
production records show a slight excess of gold over silver, pos- 
sibly due in part to placer output. 

66 Lincoln, pp. 222-233; Becker, G. F., “ Geology of the Comstock Lode and the 
Washoe District,” U. S. Geol. Surv. Monograph 3, 1882; Reid, J. A., “ The Struc- 
ture and Genesis of the Comstock Lode, Calif.,” Cal. Univ. Dept. Geol. Bull., vol. 
4, PP. 177-199, 1905; Bastin, “ Bonanza Ores of the Comstock Lode,” U. S. Geol. 
Surv. Bull. 735, pp. 41-63, 1922. 


67 Cf. sheet V of Atlas accompanying Monograph 3, U. S. Geol. Survey. 
68 Lincoln, pp. 131-132. 
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It is thought likely that the older type of epithermal deposits of 
which Tonopah, Aurora, and probably Comstock are representa- 
tive is of widespread occurrence throughout western North 
America, though as yet there is no evidence available indicating 
that this mineralization took place at approximately the same date 
throughout. Spurr © notes the similarity of the Tonopah district 
to Comstock and to the Silver City and De Lamar districts of 
Idaho and Pachuca in Mexico, and notes the points of similarity 
to districts carrying veins in Tertiary lavas in Peru, Chile, Japan, 
Sumatra, and New Zealand, and suggests the existence of a 
“major Pacific Tertiary petrometallographic zone.” Of the two 
periods of late Tertiary ore deposition it is the ore deposits of 
the earlier period (probably Miocene) which are the Nevada 
representatives of this widespread metallogenetic epoch. The 
younger (probably Pliocene) gold deposits appear to be of only 
local and sporadic occurrence. 

Presumably the major differences between the deposits formed 
in association with granitic intrusives considered in the preceding 
section and those associated with the surface lavas are due to the 
greater temperature of formation of the former, and to the longer 
continuance of high temperatures owing to the great distance be- 
low the surface at which the intrusive consolidated. At a guess, 
the older deep-seated deposits may have formed at depths of from 
less than 4,000 to over 10,000 feet below the surface and those 
associated with late Tertiary lavas from a minimum depth of only 
a few hundred feet to depths of about 3,000 feet below the sur- 
face. Presumably on the average the post-Esmeralda veins have 
suffered less erosion than the earlier Tertiary veins, but a com- 
parison of the data on erosion from districts which have been 
studied in detail indicates too great a degree of overlap in the 
amount of erosion of pre-Esmeralda and post-Esmeralda deposits 
tor difference in depth of formation to have been the controlling 
factor. At Tonopah, Aurora, and Bodie the small areas of pre- 
Esmeralda volcanics exposed indicate that the amount of erosion 
since the upper Miocene must have been small, probably not over 


69 Op. cit., p. 273-279. 
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a few hundred feet at most. No data are available which would 
furnish a measure of the pre-Esmeralda erosion. The lacustrine 
and terrestrial deposits of the Esmeralda formation covered the 
site of Tonopah, but Aurora may have been undergoing erosion 
during this period, and a hint is thus offered as to the reason for 
the exhaustion of the known Aurora ore bodies at less depth than 
those of Tonopah. Spurr“ estimates that the main ore deposi- 
tion at Tonopah took place at a depth of less than 2,000 feet. 
Lindgren “ gives minimum figures of 1,000 and 2,700 feet for the 
National district, the former for the veins on Buckskin Mountain, 
based on the difference in elevation between their outcrops and the 
summit of Buckskin Peak; the latter represents the difference in 
elevation between Buckskin Peak and the outcrop of the National 
vein. Certainly this must be some hundreds of feet less than the 
actual depth at the time of vein formation, for no alllowance is 
made for Pliocene erosion. 

Estimates for the depth of formation of the post-Esmeralda 
deposits show a considerable overlap in range with those of 
Miocene age. Ransome“ has calculated that at Goldfield the 
erosion of the part of the district containing the principal ore 
bodies was not more than 1,000 feet and may have been much 
less (to a minimum of something over 300 feet) and to this some 
1,500 feet may be added for the vertical range of ore deposition. 
But such data as exist for Round Mountain and Manhattan in- 
dicate a greater depth. The old erosion surface on the crest of 
the Toquima Range is cut on lavas of the same age as those which 
contains the veins of Round Mountain and the veins in the lavas 
north of Manhattan, and the later andesitic lavas are lacking. 
This old surface is over 2,000 feet above the outcrop of the Gold 
Hill veins at Manhattan and over 2,500 feet above the Round 
Mountain veins, and about 3,000 feet above the deepest productive 
work at both camps. Certainly several hundred feet in addition 
must be allowed for the erosion interval which ended with the 

70 Spurr, J. E., “ Geology and Ore Deposition at Tonopah, Nevada,” Econ. GEOL., 
vol. 10, p. 761, 1915; “Ore Magmas,” vol. 1, p. 293, 1923. 


71U. S. Geol. Surv. Bull. 601, p. 33. 
72 U. S. Geol. Surv. Prof. Paper 66, p. 174. 
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formation of this surface. Ransome ‘* considers that the ore 
shoots of the Oatman (Arizona) veins could not have been 
formed more than about 3,000 feet below the surface. All such 
estimates include factors which are hard to evaluate and conse- 
quently are more or less indefinite, but it seems probable that the 
depth of the zones of ore deposition of the two types of deposits 
overlapped to a considerable extent, and that therefore the prob- 
ably somewhat greater average erosion of the deposits of. the 
earlier group is not alone capable of explaining the differences 
observed. 

There must have been other causes operating to produce the 
widespread mineralization of pre-Esmeralda age with predomi- 
nant silver, and the later and sporadic gold-bearing veins. In 
many districts the veins are in lava flows rather than intrusions 
and presumably did not derive their contents from the inclosing 
lavas, but both vein minerals and lavas were divided from a deeper 
source. As far as can be judged from available descriptions there 
is no characteristic difference in the character of lavas associated 
with the veins of the two periods. Since, as at Tonopah, deposits 
belonging to the two periods occur in the same district, the pos- 
sibility of derivation of gold from deep-seated older basic rocks 
in the manner suggested in the speculation as to the gold of the 
California veins is not here applicable. In several of the districts 
containing late Tertiary gold veins, the ore, and apparently also 
the veins, fail in depth with a change of rock. For the Oatman 
district Ransome ** suggests a dependence of the ore on the flow 
inclosing the veins. At Goldfield the ore does not appear to 
continue into the slates below the lavas but at Manhattan the prin- 
cipal production has come from ore deposits of post-Esmeralda 

73 Ransome, F. L., “ Geology ot the Oatman District, Arizona,” U. S. Geol. Surv. 
Bull. 743, Pp. 55, 1923. 

74 Ransome, F. D., “ Progress in Economic Geology,” Econ. GEoL., vol. 23, p. 
121, 1928. In this paper the Mogollon district is cited as another example of this 
tendency. This appears to the writer to be ill-chosen since at Mogollon the 
productive portions of the veins cut a succession of lavas of different ages and 
composition, and exploration has shown that the veins continue well defined to 


depths at least 300 feet below the exhausted ore shoots. Cf. U. S. Geol. Surv. 
Bull. 783. 
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age in the Cambrian schists and limestones. It is concluded, 
therefore, that the persistent difference between the Nevada epi- 
thermal deposits of pre-Esmeralda age and the younger veins can- 
not be due alone to depth or degree of heat at the time of forma- 
tion; and it is inferred that this difference is a function of the 
character of the source from which the two classes of deposits are 
derived. 


ECONOMIC CONSIDERATIONS. 


The propositions advanced in the preceding sections are ad- 
mittedly speculative, but if valid, they have certain economic 
bearings, especially on the chances of discovering new districts and 
of profitably exploring known deposits in depth. 

Figs. 3 and 4, based on data derived from Lincoln and the 
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Fic. 3. Graph showing production of gold and silver in Nevada. 


annual Mineral Resource chapters, show the trend of mineral 
production in Nevada. 

Mining in Nevada began in the early ’fifties; the prospectors 
were mostly gold miners from California, unfamiliar with silver 
ores, and it was not until 1859 that important mining of the rich 
Comstock ores began. The next discoveries were in districts 
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such as Reese River (1862), where the prominent vein outcrops 
made prospecting easy and the rich silver ores could be treated 
by amalgamation. The replacement deposits richer in lead and 
with a less familiar type of outcrop did not come into production 
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Fic. 4. Graph showing production of copper, lead and zinc in Nevada. 


until about 1869, when local smelters began to be built. As noted 
above, the chief value of the silver veins of the Reese River type 
was due to the presence of supergene silver minerals, and 
secondary silver ores were an important item in the early produc- 
tion of the eastern lead-silver replacement deposits. The Com- 
stock district appears to have been the only district in which 
primary silver ores were mined in the early period. The cream 
was soon skimmed and the catastrophic fall in production which 
coincided with the panic of 1879 was merely the accentuation of 
an inevitable decline. 


Mining-in Nevada almost ceased during the decade from about 
1890 to 1900, but a second period of production began with the 
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accidental discovery of Tonopah in 1900. This discovery turned 
the attention of prospectors to types of outcrops hitherto neglected, 
and within a few years a large number of gold and silver districts, 
chiefly within the Tertiary lavas, had become producers. The 
older silver-bearing veins of western Nevada received their share 
of attention but did not join to any extent in this renewed pro- 
duction. Important discoveries of secondary silver ore were 
made in the Rochester district, but on the whole, although at- 
tempts were made to reopen mines in nearly every district which 
had been an important silver producer in the early days, it was 
found that the early miners had overlooked little in the way of 
secondary ore, and even with the high prices prevailing for silver 
between 1917 and 1923 the older silver-bearing veins did not make 
any important production. Nevertheless these atteripts, though 
generally not profitable, added to the total silver production. 

This second period of precious metal production never reached 
the magnitude of output of the early days and since 1911 for gold 
and 1913 for silver the output has shown a fairly steady decline. 
At about the same time as the new discoveries of precious metal 
deposits, improvements in the technique of mining and treatment 
initiated a renewed production of lead and zinc, from the old 
camps of eastern Nevada of which Pioche, Yellow Pine and 
Eureka were among the most important, and made possible the 
mining of the Ely copper ores. The war prices stimulated copper 
production from a number of copper districts, including Yering- 
ton and Santa Fé, and there was also some production of copper 
ores from districts whose principal ores were valuable for lead or 
zinc, such as: Battle Mountain and Yellow Pine. These smaller 
districts did not recover from the depression of 1921, and in re- 
cent years the copper production of the state has been essentially 
that of the Ely district. 

The recent lead output has not attained anything like the mag- 
nitude of the early period of production but on the other hand lead 
mining has so far shown an ability to respond to favorable prices 
and as yet gives no indication of a decline like that of the precious 


metal production. According to the analysis of production given 
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in Mineral Resources,‘* 56 per cent. of the production of lead for 
the period 1917-1926 was derived from “ lead ore,” 19 per cent. 
as concentrates from “dry and siliceous ore,” and 23 per cent. 
from “zinc ore and lead-zinc ore.” 

Zinc production, chiefly from the Yellow Pine district, became 
important in 1912 and increased greatly under the stimulus of 
war prices. In spite of the lower prices in Ig19 and succeeding 
years the output has kept at about the 1912 level. 

In considering the possibilities for future production from the 
state it is of course necessary to make many assumptions any one 
of which, if invalid, will vitiate the entire argument. Neverthe- 
less, on the basis of the foregoing geological and historical data 
certain deductions of possible economic importance may be drawn. 
The western silver-bearing veins of the California type generally 
have prominent outcrops and the chances for new discoveries are 
therefore small, although Rochester is an example of the recent 
discovery of deposits of this type which were overlooked by the 
first generation of miners. Nor is it likely, unless great advances 
in technique of mining and treatment are made, that the deep 
working of the known veins will prove profitable since the old 
production came from highly enriched supergene ores. In the 
Reese River district, which had a production of over $50,000,000, 
the vertical productive depth was not over 500 feet.‘ Veins 
of this type whose apices are buried beneath late Tertiary lava or 
deep valley fill doubtless await discovery but it is doubtful whether 
these are favorably situated so as to have received the necessary 
supergene enrichment. Such veins were exposed to erosion and 
the action of supergene waters during part of the Tertiary, and the 
preservation of zones of Tertiary enrichment is of course possible, 
and intensive studies of the paleophysiography of such districts 
might point out favorable areas. Knopf‘ considers that in the 


75 Gerry, C. N., “ Gold Silver, Copper, Lead and Zinc in Nevada in 1926,” U. S. 
Bur. Mines, Min. Res. of the U. S., Part 1, p. 518, 1928. 

76 Hill, J. M., “Some Mining Districts in California and Nevada,” U. S. Geol. 
Surv. Bull. 594, p. 113, 1914. 

77 Knopf, A., “ Geology and Ore Deposits of the Rochester District, Nevada,” 
U. S. Geol. Surv. Bull. 762, p. 44, 1924. 
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Rochester district, the only camp of this type in which considera- 
tion has been given to the application of physiography to the study 
of ore deposits, the enrichment dates from the early part of the 
Pleistocene. 

Of the copper deposits of the state the most productive, Ely, is 
the only example of a deposit of disseminated ore. The others 
consist for the most part of contact metamorphic deposits and to 
a less extent of copper-bearing veins within or ciose to the intru- 
sive. Except for Ely, the copper camps of Nevada have not been 
able to make any significant production except under the stimulus 
of unusually high prices. At Ely supergene enrichment makes 
the greater part of the ore, but the large reserves insure future 
production. Some of the other districts have potentialities of 
moderate future production at higher prices than prevail at 
present. 

The eastern lead-silver deposits of the replacement type, like the 
silver veins of the west, may be supposed to have essentially ex- 
hausted the silver-rich surficial ores. Although their outcrops are 
in general less prominent than those of the western quartz veins, 
the state has been so well prospected that the chance for important 
new discoveries is probably small. The same conditions prevail 
as in the west as to possibility of enrichment of such deposits to 
be found beneath the later lavas, or valley fills. In the eastern 
replacement deposits, however, in contrast to the western veins, 
partly oxidized base metal ores below the zone of silver enrich- 
ment, and in places primary ores, have proved important producers 
of lead and zinc, especially since selective flotation has rendered 
mixed sulphide ores available. The production graph given by 
Knopf for the Pioche region ** shows early production of the en- 
riched ores followed by a long period of stagnation and recent 
revival. Eureka, Cortez and White Pine have had similar his- 
tories. It is believed, therefore, that the type of deposit prevail- 
ing in eastern Nevada, which has in the past yielded secondary 
silver ores, offers a better chance for the development of workable 


78 Westgate, L. G., and Knopf, A., “ Geology of Pioche, Nevada and Vicinity,” 
Bull. Am, Inst. Min. Eng., 1647-I., p. 13, 1927 
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base metal ores than do the veins in the pre-Tertiary rocks of the 
western part of the state. 

Several of the silver and silver-gold veins in the Tertiary lavas 
such as those of Comstock, Aurora and Tuscarora were dis- 
covered and largely exhausted during the early period of produc- 
tion. Others, such as those of Tonopah and Wonder, escaped ob- 
servation until the recent revival, either on account of the incon- 
spicuous nature of their outcrops or because they occurred in 
rocks not supposed to be productive. The Pliocene gold deposits 
such as Goldfield, Manhattan, and Round Mountain were all dis- 
covered during the recent period of activity. The chances for im- 
portant new discoveries do not seem great when one recollects the 
intensive prospecting which followed the discoveries of Tonopah 
and Goldfield. But spectacular gold ore outcropped at Man- 
hattan only a few feet from one of the main roads leading to the 
old silver camp of Belmont, and the outcrops of the veins of 
Tonopah and Goldfield remained unconsidered in a region which 
was vigorously prospected between 1860 and 1880, so it would be 
hazardous to assume that other inconspicuous outcrops of rich 
veins do not await future discovery. 

The gold veins in the late Tertiary lavas have in general less 
conspicuous outcrops and the chances for new discoveries of de- 
posits of this type are probably better than for discoveries of silver 
or silver-gold veins, but, if the data given in Table II. are sig- 
nificant, such discoveries are less likely to develop into producing 
districts. 

Supergene enrichment has not been as important in the silver- 
gold deposits in the lavas as in the older argentiferous quartz 
veins, although the near-surface bonanzas of Comstock and the 
oxidized and enriched ores of Bullfrog, Wonder, and Tuscarora 
have yielded a considerable production. Practically all the pro- 
duction from Tonopah and Aurora and the smaller camps shown 
in Figure 2 as well as a considerable proportion of that from Com- 
stock, has been from primary ore. The deficiency in oxidation 
and enrichment in deposits of this type as compared with the older 
argentiferous quartz veins may be due to the lower content of 
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pyrite and to the lower degree of permeability of these generally 
finer-grained veins and perhaps also in some part to enrichment 
of the older veins during part of the Tertiary, before the lavas 
that contain the later veins were erupted. Since secondary en- 
richment is not a very important factor in determining the work- 
ability of veins of this type, it follows that future discoveries of 
such veins beneath later lavas or sediments or beneath valley fill 
may yield workable deposits. At Tonopah productive veins in 
the older lavas have been mined for considerable distances beneath 
the later barren formations. The close proximity of Aurora and 
Bodie suggests a chance for such discoveries. In both these 
camps the productive veins outcrop in small areas of the older 
andesites surrounded by later barren lavas. The distance between 
the two is not over seven miles, but blind exploration beneath 
the barren lava separating the two would be a long chance with- 
out more detailed geologic knowledge than we possess at present. 

Since the zone of original deposition is relatively thin in de- 
posits of this type, much depends on the amount of erosion that 
has taken place. It has been suggested that the greater depth of 
the ore at Tonopah than at Aurora may be due to the fact that 
Tonopah was in an area of sedimentation during Esmeralda time, 
while at the same time the Aurora veins were presumably being 
eroded. Studies of the regional geology directed towards esti- 
mating the amount of both Tertiary and Pleistocene erosion may 
in places prove helpful in determining the probability of persis- 
tence of this type of ore deposit in depth. 

In several districts containing gold veins of Pliocene age such 
as Manhattan, Round Mountain and Gilbert there seems to be a 
distinct association of the ore with intrusive rhyolites or dacites 
which cut the Esmeralda sediments, but this association is ap- 
parently lacking in other districts so cannot be regarded as of 
much value as a guide to possible discovery. Supergene enrich- 
ment is responsible for the silver ores of Divide and has ap- 
parently been of some importance in the gold ores of Round 
Mountain, but in the other districts containing Pliocene deposits 
all the production has been from primary ores, therefore a vein 
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beneath a capping of later lava or valley fill may be as productive 
as one which outcrops at the surface. Since the range of origi- 
nal deposition was certainly no greater than that of the Miocene 
deposits and was probably less, it follows that estimation of the 
amount of probable erosion is equally valuable. With these de- 
posits the problem is somewhat simpler because the time since 
their formation is shorter. 

In conclusion, this study of the available data on the geology of 
Nevada ore deposits suggests: (1) that the argentiferous veins of 
pre-Tertiary age in western Nevada offer little hope of new dis- 
coveries or of greatly increased production from known deposits 
under present conditions of mining and metallurgical technique, 
(2) that increased copper production, aside from the Ely district, 
will probably only be available under the stimulus of higher prices, 
(3) that the lead-silver replacement deposits of early Tertiary age 
in eastern Nevada offer fair prospects for the continued produc- 
tion of lead and zinc and for the discovery of primary ore valuable 
for lead or lead and zinc, (4) that the chances for new discoveries 
of deposits in the Tertiary lavas are more favorable than for the 
older deposits, (5) that of such possible discoveries those of silver 
or silver-gold ore of pre-Esmeralda age have a better chance for 
persistence than those of the Pliocene gold-ore type, and (6) that 
workable ore in veins in the Tertiary lavas generally persists be- 
low the zone of supergene enrichment. 

U. S. GEoLocicaL Survey, 

WasuinctTon, D. C. 
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ZONING IN MICHIGAN COPPER DEPOSITS AND ITS 
SIGNIFICANCE. 


T. M. BRODERICK. 
PART I. 


DISTRIBUTION OF ARSENIC IN THE MICHIGAN NATIVE COPPER 


DEposIrs. 
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INTRODUCTION. 


THE native copper deposits of Michigan occur in the tilted con- 
glomerates and in the amygdaloidal tops of lava flows of Keween- 
awan age. ‘These deposits are referred to as lodes. There are 
also fissure deposits of minor economic importance, but they will 


1 Presented before the Society of Economic Geologists, New York Meeting, 
Dec., 1928. 

Published by permission of James MacNaughton, President, Calumet & Hecla 
Consolidated Copper Co. The writer is also indebted to Messrs. Dengler, Law- 
ton and Schacht, general managers of other companies in the district, and Messrs. 
Benedict, Conant, Hillenbrand, Lawson, and Schubert, metallurgists, for their 
coéperation in furnishing the data upon which this study is based. 

Throughout this discussion many features of these deposits are assumed to be 
familiar to the reader or are but briefly mentioned. As a basis for a more thor- 
ough understanding of some of the points herein brought out, a preliminary study 
of the broader aspects of the district as presented in “ The Copper Deposits of 
Michigan” (U. S. G. S. Prof. Paper 144, 1929, by B. S. Butler and W. S. Bur- 
bank) is recommended. 
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be considered only incidentally in this discussion. The major 
lode deposits discussed occur over a range of 25 miles along the 
strike and in different parts of the series (Fig. 1). Including 
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Fic. 1. Sketch map showing principal copper bearing lodes, Keweenaw 
Point, Michigan. 


the more important of the many deposits which were not quite 
large enough or rich enough to be classed with the more perma- 
nent mines, the district may be considered as being over 70 miles 
in length. 

Among the minor constituents of these deposits is arsenic. 
There have been more determinations of arsenic than of any 
other constituent except the copper itself, and possibly the silver. 
This is because arsenic even in small quantities seriously affects 


the electrical conductivity of the product; therefore, in producing 
copper for electrical uses, all efforts are made to keep a check on 
the arsenic and to eliminate it so far as economically practicable. 
It has long been known that some lodes have more arsenic than 
others, that in general the lodes of higher arsenic content lie 
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toward the base of the series, and that in some mines there was 
an increase in arsenic with depth. On the other hand, there were 
important exceptions to these generalities, as copper especially 
free from arsenic has been produced from near the base of the 
series, and, although it was not generally known, the smelter men 
concerned recognized that certain mines had a decreasing arsenic 
content with depth. The data appeared so fragmentary and con- 
flicting that the various geologists who have studied in the district 
considered that the generalities, as stated above, said about all 
there was to be said in the matter. 

Recently the writer started a re-study of the subject of zoning 
in these deposits and in this connection considered again the dis- 
tribution of arsenic. It was then discovered that in connection 
with the work carried on by the Michigan Smelter for over 20 
years, the chemist and metallurgist, Mr. Lawson, had made many 
arsenic determinations and had the figures for the average arsenic 
content of annual product of several of the mines over this period. 
The scientific spirit of those possessing this information in mak- 
ing it available, rendered possible this investigation. Taken in 
conjunction with the more fragmentary data from other sources, 
it has led to some very fundamental deductions regarding depth 
telationships, zoning, and genesis of the various deposits. 

Arsenic occurs in at least two ways: first, as definite arsenides ; 
second, probably in solid solution in the copper. Among the 
copper arsenides are whitneyite, algodonite, and domeykite, 
named in order of increasing arsenic content. Less commonly 
there are nickel and cobalt arsenides. These all have been studied 
by metallographic methods and in most cases found to be com- 
plex intergrowths, while so-called whitneyite consists of a variety 
of substances which seem to grade into one another, at one end 
of the series being what may be called arsenical copper, probably 
a solid solution of arsenic and copper. What proportion of the 
arsenic occurs in definite mineral species and what proportion in 
solid solution with copper is not known. In general, the finer 
sizes of mill products have a higher ratio of arsenic to copper. 
This has been interpreted to mean that there are brittle arsenides 
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present which tend to break up fine in the milling. Another 
explanation is that the larger particles and masses of copper con- 
tain less arsenic in solid solution than the finer particles. Still 
another suggestion is that inasmuch as the arsenic-high fines are 
lower grade, which means that they have a higher proportion of 
non metallic gangue minerals, therefore, the arsenic is in the non 
metallic gangue. Of these three suggested explanations of the 
higher arsenic ratios in the finer grades, the last named seems to 
the present writer to be least likely. It is a subject on which 
more work needs to be done. 


NATURE OF AVAILABLE DATA. 


There is a large accumulation of arsenic assays in the files of 
the smelters, particularly those of the Michigan and the Calumet 
& Hecla smelters, but considering the size of the ore bodies and 
of the district itself, the number of assays and the distribution of 
the ore assayed are such as to leave many gaps. Therefore, the 
problem is no different from the one the economic geologist is 
continually facing, which is to assemble, correlate, and interpret 
scraps and shreds of scattering data. If he waits until the data 
are anywhere near complete, he will have a more complete story, 
but it may then be too late to be of assistance to those who are 
employing him to find more ore, not to tell them a consistent 
story after they have mined out their ore bodies and no longer 
have funds for exploration. 

The arsenic determinations are in some cases made upon the 
concentrates and in other cases upon the refined copper. In both 
methods the arsenic content is expressed as percentage of arsenic 
on the basis of total metals (arsenic + silver + copper), which 
is essentially the ratio of arsenic to copper. This figure is there- 
fore referred to in this paper as the “arsenic ratio.” It is ap- 
parent that it is independent of either the total arsenic content or 
the total copper content of the lodes. Thus, the ore in two ad- 
jacent stopes, one rich and one poor, might have widely varying 
copper content and also widely varying arsenic content, but any 
data which the smelters might have would give neither the ab- 
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solute copper content nor the absolute arsenic content of the ore, 
but would give the ratio of arsenic to copper in the concentrates 
or in the refined copper produced, which figures, if these stopes 
were close together, would probably be somewhere near equal, 
in spite of the widely differing copper and arsenic content of the 
two ores. 

Where the arsenic determinations are made upon the concen- 
trates, there are several such mill products to be assayed. Not 
only do the percentages of the various grades vary in the different 
mines, but they vary from time to time in the same mine. Like- 
wise the percentage of copper in the various grades is different, 
the finer products usually having less copper. Furthermore, the 
ratio of arsenic to copper in the different grades is different, it 
being higher in the finer grades. Thus, to determine the average 
arsenic ratio in an ore from a given place is not a simple matter 
since the arsenic and copper content of all the mill products must 
be known and, in addition, the relative amount of each grade. 

Usually the smelters are not concerned with where the ore came 
from. The assay records simply state that on such a date the 
concentrates from a given mine, sometimes for the day, sometimes 
for a week or a month, had a certain arsenic ratio. Then by 
reference to a mine map of that period, it may be discovered that 
stoping was carried on in various places hundreds, if not thou- 
sands, of feet apart horizontally, and hundreds of feet apart in 
depth. The best one can do in such cases is to calculate an 
average position for the ore, the concentrates from which were 
assayed. Still greater uncertainty is encountered in most cases 
due to the fact that there is some gap in the data. Perhaps all 
of the mill grades were not assayed, or even if they were, the 
relative proportions of each may not be stated so that they can 
not readily be given a weighted average. In general, improved 
mill practice results in a saving of more of the fines, so that 
assays of the product of a given mine treated in the same mill 
over a period of years do not necessarily faithfully depict changes 
in the arsenic ratios of the ore itself. 

Where the assay has been made upon the refined copper the 
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problem is changed. No longer is it necessary to deal with dif- 
ferent mill products, as they have already gone into the melt. 
But an equally exasperating problem is the necessity of getting 
the arsenic ratio in refined copper on the same basis as arsenic 
ratio in concentrates, so that all of the data will be comparable. 
During smelting and refining some of the arsenic is always lost. 
In many cases special processes are successfully used to reduce 
the arsenic. In other cases, where the purpose is not to make 
high conductivity copper, the reduction in arsenic during smelt- 
ing and refining is much less. As time has gone on and smelting 
and refining have improved, the changes in arsenic content of the 
refined copper over a period of years is not strictly a picture of 
changes in the ore. 

One other method of estimating comparative arsenic content 
of refined copper is given by the conductivity tests. As the 
arsenic increases the electrical conductivity decreases. However, 
silver, oxygen, method of treatment of test wire, and other fac- 
tors besides the arsenic affect the conductivity; therefore such 
data must be used with caution. It is also necessary in these 
cases to make allowances for losses in smelting in deducing arsenic 
ratio in ore from the conductivity of the test wires. 

It is apparent, therefore, that no matter how the arsenic ratio 
is obtained, whether by analyses of mill products, or of refined 
copper, or by estimating it from the electrical conductivity of the 
refined copper, there are variables involved which must be taken 
into consideration in getting from such data estimates of arsenic 
ratios which are truly comparable. 


ARSENIC RATIOS OF THE VARIOUS LODES. 


In view of the uncertainties expressed in the foregoing para- 
graphs, it is fortunate that the arsenic ratios of the major lodes 
vary from a few ten thousandths of a per cent. to over one-half 
a per cent.; that is, the arsenic ratio of the ore from the high 
arsenic lodes is 1,000 times that of the low arsenic ores. There- 
fore, in spite of the uncertainties in the data there is not much 
danger of getting a lode very far out of its proper position in a 


series arranged according to relative arsenic ratios. 
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The data at hand indicate that the arsenic ratios of the ore 
produced up to the present from the principal lodes have been as 
follows: 


IEC SRV OAIOIE oS iavsa ct .s woe els Cs esa os SO to .56% As 
Isle Royale Amygdaloid .................. I to .30% 
Kearsarge Asygdaloid. ....0:5-3 «<6 2+ aceeenave .O1 to .30% 
Calumet 'Gonslomerate: <0) < 21... 555. 55 ce 8 001? to .105% 
Pewabic and Osceola Amygaloids .......... .0003? to .c10% 
Atlantic-Ashbed Amygdaloid .............. ? to .005% 


As will be brought out in the following discussion, the arsenic 
ratios vary in each lode with depth and with horizontal position in 
the various ore bodies. It is to be noted, however, that the lower 
the lodes stratigraphically in the series the higher is the arsenic 
content. This general fact has been recognized for some time 
in the district.” Starting with the base of the series and going 
into higher horizons the lodes are encountered in the following 
order: Baltic, Isle Royale, Kearsarge, Osceola, Calumet Con- 
glomerate, Pewabic, Atlantic-Ashbed. The only exception to 
this order in the above tabulation is that the Osceola is placed 
with the Pewabic lode on the basis of arsenic content instead of 
in its stratigraphic position between the Calumet Conglomerate 
and the Kearsarge Amygdaloid. It may well be possible that the 
relative arsenic ratios of the ore from the tops of the three ore 
bodies are in the order in which they occur stratigraphically in- 
stead of in the order given above, because the arsenic ratios are 
in these lodes expressed in thousandths of a per cent., an amount 
pretty small to estimate accurately, and, furthermore, there have 
been very few determinations made because in these cases the 
amount is so minute that the arsenic content presents no problem 
for the smelters. It will be evident from the following discus- 
sion that one of the factors entering into the arsenic ratio range 
as expressed in the foregoing tabulation is the depth to which the 
mining has been carried. Therefore, the tabulation will look 
different in say ten years from now, when the mines will be much 
deeper. But the first figures, giving the minimum arsenic ratio 


2 Lane, A. C., “ The Keweenaw Series of Michigan,” Mich. Geol. & Biol. Survey, 
Pub. 6, Geol. Series 4, p. 869, 19009. 
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for each lode, in most cases express the arsenic ratio in the ore 
at surface, therefore, once the correct figure is known, it is not 
subject to change. 

Besides the analyses of ore from the major lodes, there are 
scattering determinations of the arsenic ratios of ore from some 
of the minor lodes and fissures. These are as follows: 











Ratha ne . ‘Aa matio Major Lodes ; 
Company. ode. (per cent.) Arranged According 
to As Ratio. 
Adventure....... Evergreen Series -0004 Atlantic-Ashbed 
Michigan........ Calico lode and Branch -0002 Pewabic and Osceola 
fissures -0035 
Rata. 53.2) 503% Central fissure -0010 Calumet Conglomerate 
Franklin Junior.. .| Allouez Conglomerate -0013 
Delaware. .......| Montreal? .0013 
PRORTUE. «6.5 (56) 5 o's Phoenix fissure -0016 
Keweenaw Copper | Medora? +0025 
PN SR ee Evergreen Series -0086 
DOMMIONAL. . ..6:4.5,<- Minesota fissure? -0086 Kearsarge 
Victoria. ........] Victoria -03 
DUAD 5 oS Winona -066 Isle Royale 
Arcadian 5 5 ):%-.'s:3. Isle Royale? -2 to .4 Baltic 
UDETIOT.. 5 hele Superior (Baltic?) <= 














In addition conductivity tests of copper produced from the Mass 
mine on the Evergreen Series and from the St. Clair and Rob- 
bins fissures of the Phoenix mine indicate an arsenic ratio of 
.OOI per cent. or less, and from the Hancock mine on the Han- 
cock lodes, and Franklin mine on the Allouez conglomerate and 
Pewabic lodes, an arsenic ratio of less than .04 per cent. 

In general, the rule of higher arsenic toward the base of the 
series applies even to these minor deposits. Certain exceptions 
may be noted, although it is thought that more complete data 
would eliminate some of these and explain others. For instance, 
the Lake, Mass, and Adventure mines working in the Evergreen 
lodes which are stratigraphically low in the series, corresponding 
closely to the Isle Royale lode in position, produced very high 
grade copper from low arsenic ores. On the other hand, the 
Hancock, Franklin, and Franklin Junior mines working in the 
Pewabic and nearby lodes, apparently encountered a higher arsenic 
ratio than the adjacent Quincy mine, working on the Pewabic 
lode. 
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VARIATIONS IN ARSENIC RATIO WITHIN THE LODES. 


Not only is there a variation in the arsenic ratio of the various 
lodes, according to what part of the series the lodes occur in, but 
there is a variation within the individual lodes themselves. J. B. 
Cooper,* former Calumet & Hecla smelter superintendent, found 
that on the Kearsarge lode the arsenic increased to the north and 
that on the Calumet conglomerate the arsenic increased toward 
the north and with depth. Horizontal variations will be brought 
out elsewhere in this discussion. It may be said here, however, 
that horizontal variations are less easily determined from existing 
data than are variations in depth along the lodes because in a 
given mine the progress from year to year is largely from one 
set of levels throughout the mine to a deeper set of levels, rather 
than from north to south. 

It was in connection with the determination of the change in 
arsenic ratio with depth that the data from the Michigan Smelter 
were of especial value. Calculations had been made giving the 
average annual arsenic ratio of the ore from several of the mines. 
The changes in arsenic ratio in depth brought out by these figures 
will now be discussed. 

Arsenic Distribution in the Wolverine Mine-——The Wolverine 
was a mine on the Kearsarge lode, now abandoned because it was 
worked out in all directions to the property boundaries. Arsenic 
content of the ore by years is available for a period from 1906 
to 1924. The annual mine maps were obtained, and by means of 
planimeter measurements and calculations the average depth of 
the copper produced was determined for each year. Fig. 2 
shows the arsenic content of the total metals in the ore and the 
average depth from which the ore came. A steadily increasing 
depth up to 1917 is shown, after which they pulled the pillars 
and cleaned up as they retreated up the shaft, until the mine was 
abandoned. The arsenic curve in general shows an increase with 
increasing depth, followed by a decrease when they retreated up 


3 Cooper, J. B., “ Circuit Court of the United States for the Western District 
of Michigan, Northern District in Equity, Defendant’s Proofs, Calumet & Hecla 
Mining Co.,” vol. III., pp. 838-1018, 1907. Lane has abstracted this testimony 
and has presented it in op. ctt., a source more readily referred to than the original. 
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the lode after reaching the bottom. It is to be noted that the 
finer mill products are uniformly higher in arsenic, so that when 
in 1921 mill improvements were instituted, resulting in a greater 
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Fic. 2. Curves showing average depth and arsenic ratio of ore from 
Wolverine, Baltic, Trimountain, and Champion mines. 


recovery of the fines, the arsenic curve jumps up in spite of the 
decreasing depth of the operations. Thus, at the Wolverine 
mine the arsenic increased in depth at an average rate of .0375 
per cent. per 1,000 feet along the lode, over a range of .03 to .09 
per cent. arsenic. 

Arsenic Distribution in the Baltic Lode Mines.—The Baltic, 
Trimountain, and Champion all are going mines on the Baltic 
amygdaloid which is stratigraphically the lowest lode now being 
worked. By the same procedure used in the case of the Wolver- 
ine, depth-arsenic curves were plotted for these three mines (Fig. 
2). It is apparent that the arsenic ratio is much higher than in 
the Wolverine, and that although the curves are very irregular, 
in all three cases, after a period of arsenic increase starting at the 
surface, the curve reverses and shows a decrease in arsenic ratio 
with greater depth. Here, also, improvements in milling have 
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affected the regularity of the curves. Other sudden variations 
in the arsenic ratio may be due to several stopes in a mine work- 
ing simultaneously in or close to cross fissures carrying copper 
arsenides. The jump in the curves for all three mines in 1926 
looks suspiciously like a variation in milling practice, but so far 
no record of such a variation has been found. Close study of the 
minor irregularities of these curves in conjunction with the peri- 
odic mine maps might disclose interesting relationships. 


CONTINUITY OF COMPOSITE ARSENIC CURVE. 


Having determined, in the case of the Wolverine mine, that 
the arsenic ratio increases at the rate of .0375 per thousand feet 
in depth along the lode, and for the Baltic lode mines a much 
higher arsenic ratio and a higher rate of increase, followed at 
still greater depth by a decrease in arsenic ratio, one naturally 
considers the possibility of there being a continuous and regular 
variation in the arsenic ratio in depth along the various lodes, 
the curves herewith presented for the individual mines and lodes 
being merely fragmentary portions of a continuous arsenic ratio- 
depth curve. Taking the rates of change of arsenic ratio per 
thousand feet yielded by the Wolverine and Copper Range mines, 
and filling in as best we can from incomplete data from the other 
lodes and mines, we can construct the following tabulation. For 
several reasons it is best to start in with the deeper arsenic zones 
and work up the lodes, instead of starting at the top and working 
down. 




















- : : P Rate per Cumulative 

Arsenic Ratio Distance Thousand Distance r ee 
Range along es Mine Furnishing Data. 
Feet. along Ideal 
(per cent.) Lode. (per cont.) Dede 

ce (00:20 Unknown */} Unknown * 
-20 tO .53 1,650 + .20 1,650 Champion and Baltic 
+53 to .46 1,750 — .04 3,400 Baltic and Trimountain 
-460. to .304 2,600 — .06 6,000 Interpolated 
+304 to .225 1,000 — .079 7,000 Isle Royale 
+225 to .090 2,320 — .0583 9,320 Interpolated 
-090 to .030 1,600 — .0375 10,920 Wolverine 
-030 to .0233 330 — .0204 11,250 Interpolated 
-0233 to .0005 7,000 — .0033 18,250 Calumet & Hecla 








* Will become known when Champion, Trimountain and Baltic mines on the 
Baltic lode become deeper. 
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Based upon this tabulation, the accompanying curve can be con- 
structed (Fig. 3). Starting at the right with the bottom of the 
deepest mine in the district with respect to arsenic, as a point of 
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Fic. 3. Continuous arsenic ratio-depth curve as built up from available 
data. Arsenic ratio range of various lodes to date shown. 


origin, we plot points representing arsenic ratios against the dis- 
tance along the lode required to attain those ratios. The curve, 
as completed, suggests that starting with an ideal lode having an 
arsenic ratio the same as that which was present at the top of the 
Calumet Conglomerate ore body, and mining downward, the 
arsenic ratio, if it behaved as it does in the various known lodes 
furnishing the data for parts of the curve, would gradually in- 
crease with depth at an increasing rate until it reached over .5 per 
cent., after which it would sharply decline. In 18,000 feet along 
the lode it would have covered the arsenic ranges of the Calumet 
Conglomerate, and the Kearsarge, Isle Royale, and Baltic amyg- 
daloids. Perhaps even lower in arsenic ratio than the top of the 
Calumet Conglomerate were the tops of the Quincy, Osceola, 
Atlantic, and Copper Falls mines. These mines produced copper 
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of very high electrical conductivity and only scattering arsenic 
determinations are available, but these show a ratio running into 
the thousandths and ten thousandths of a per cent. Where the 
arsenic content is so low, the relative values given in the analyses 
are not of much dependence due to analytical errors. The range 
of arsenic ratios of the various lodes to date is indicated in the 
figure. It will be noted that some of the lodes overlap now, and 
as the mines become deeper this overlap will become greater. If 
the rates of arsenic ratio increase hold for the various lodes as 
shown in the figure, the bottom of the Calumet Conglomerate 
mine is still three thousand feet along the lode above a point 
where the arsenic ratio will be the same as it is at the bottom of 
the Kearsarge and Isle Royale amygdaloids, and these lodes in 
turn must be followed about 6,000 feet further down before the 
arsenic ratio at the present bottom of the Baltic lode is en- 
countered. The bottoms of the mines on the Baltic lode limit 
the arsenic ratio curve, and as these mines become deeper more 
data will be available for extending the curve. 


SUM MARY. 


1. Arsenic occurs in small quantities in all of the known copper 
deposits in Michigan. 

2. In most of the mines its ratio to copper increases in depth; 
in general, the higher the arsenic ratio the higher the rate of 
increase. 

3. In the mines on the Baltic lode, the lowest stratigraphically 
of any included in this study, the arsenic ratio increases with 
depth up to something over .5 per cent.; then rapidly declines 
with greater depth. 

4. In general, the lower the lode stratigraphically in the series 
the higher the arsenic ratio at the outcrop. 

5. A continuous arsenic ratio-depth curve can be constructed 
from known data with interpolations. 

6. Such a curve indicates that the known deposits of native 
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copper may extend over a range of more than 20,000 feet meas- 
ured up the dip along the lodes. 

7. A variation of this sort, if it be a function of distance from 
a source of mineralizing solutions, constitutes what is commonly 
called zoning. 

A consideration of the zoning of other features of these de- 
posits is considered in the next section. 


(To be concluded in next number.) 


GEOLOGICAL DEpPT., 
CALUMET AND HEcLa Consot. Copper Co., 
CALUMET, MICH. 
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THE PEGMATITE DIKES OF THE 
NEW HAMPSHIRE. 


GILSUM AREA, 


G. R. MEGATHLIN. 


THE pegmatites discussed in this paper are located in the towns 
of Alstead and Gilsum in the north central part of Cheshire 
County, New Hampshire. The region contains numerous peg- 
matite outcrops, many abandoned workings, and a number of 
active pits, the last being operated chiefly as a source of feldspar, 
and to a less extent for mica. 

The Gilsum area lies in a valley between two ranges of hills 
which parallel the Connecticut River on the east, and extend 
along the entire state from north to south. In the Gilsum area 
the valley is occupied by the Ashuelot River. Topographically 
the area is one of rather strong relief, ranging from about 480 
feet in the lowest part of the valley of the Ashuelot River, to 
about 1800 feet on the highest ridge. 

The district is not very accessible by railroad, the nearest line 
being the Cheshire Branch of the Boston and Maine Railroad. 
Consequently the feldspar and mica produced in the area are 
transported by truck to Keene for milling and shipment. 


GENERAL GEOLOGY. 


The region is underlain entirely by igneous and metamorphic 
rocks. The latter have been strongly folded and their schistosity 
strikes somewhat east of north with rather steep east or west dips. 
They have been extensively intruded by dikes of pegmatite, com- 
monly of great size. The dikes are particularly abundant in a 
mica schist that extends from Surry north to Easton, a distance 
of about 80 miles. 

Little is known of the age of the formations in this area, be- 
cause the complex folding and intense metamorphism render their 
163 
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correlation difficult, and because no recent stratigraphic work on 
these regions has been published. Hitchcock* in 1874 classed 
them as Eozoic (modern Proterozoic), and in his Atlas pub- 
lished in 1878” he shows the Gilsum area as composed of Mon- 
talban schists on the eastern and western sides, separated by a 
band of Winnipiseogee gneiss. 

Goldthwait’s map * differs but little from Hitchcock’s, except 
that no subdivision is attempted of the different varieties of schist 
and gneiss. 

As this paper does not deal primarily with the stratigraphy of 
the area, the age of these rocks will not be considered further 
except to state that the work of Hitchcock,* Lahee,® and Emerson ° 
indicates that they are of early or middle Paleozoic age. 

The age of the pegmatites is likewise in doubt. In Massachu- 
setts the majority of the granites (as well as many other igneous 
rocks) and pegmatites are referred by B. K. Emerson” to the late 
or post-Carboniferous, and thus may be associated with the 
Appalachian Revolution, especially since many of the granites are 
parts of batholithic masses underlying the metamorphosed Paleo- 
zoic rock. The granites of southern New Hampshire are also 
assigned to the same period by Emerson * and hence the pegma- 
tites of the Gilsum area, which may be offshoots from underlying 
batholithic masses, may be of similar age. 

The rocks have been folded and faulted. To what extent the 
latter has affected the pegmatite dikes it is not always possible to 
say, although there is no doubt that some of the faulting is later 


1“ Geology of New Hampshire,” vol. I., Pt. L., pp. 9-11, 1874. 


2 Atlas accompanying the report on the Geology of New Hampshire, New York, 
1878. 

3“ Geology of New Hampshire,” N. H. Acad. of Science, Handbook No. 1, 
Concord, 1925. 

4 Jour. Geol., vol. IV., pp. 44-62, 1896, and Bull. Geol. Soc. Amer., vol. XV., pp. 
461-482, 1904. 

5 Amer. Jour. Sci., 4th ser., vol. XXXVI., pp. 231-250, 1913, and Jour. Geol., vol. 
XXIV., pp. 336-381, 1916. 

6U. S. Geol. Surv. Bull. 597, pp. 46-49, 1917. 
7 “ Geology of Massachusetts and Rhode Island,” U. S. Geol. Surv. Bull. 597, pp. 
48-49, 1917. 

8 Idem, pp. 221-239. 
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than the pegmatite intrusions. In the few cases where the dis- 
placement was measurable it does not exceed three feet, but it 
seems likely, that in some places it is appreciably greater. 


THE PEGMATITES 


Distribution—The pegmatites here described extend north- 
northwest of Keene. Others, as mapped by Sterrett,® occur par- 
ticularly in Grafton County, and the areas may be regarded as 
forming a discontinuous belt. Hitchcock *° in 1877 pointed out 
that many of the pegmatites, occur in what he termed fibrolite 
mica schist, which extends almost uninterruptedly from Surry 
north to Easton. He called this “the granitic vein,’ and noted 
its general trend as somewhat east of north, which agrees with 
the strike of many of the pegmatites in the Gilsum area. 

In addition to the similarity in strike shown by these New 
Hampshire pegmatites, they also show certain mineralogical re- 
semblances, as for instance the widespread occurrence of beryl 
crystals. Indeed this feature, and particularly the large size of 
some of these beryls, has made the district famous for nearly a 
century.* Bastin recognized a similar relationship among the 
pegmatites of Maine, for he writes: ** “ The broader field rela- 
tions suggest that the large areas characterized by particular abun- 
dance of pegmatite intrusions constitute in reality the roofs of 
overlying granite batholiths. Where more extensive erosion has 
exposed the flanks of such batholiths, pegmatite masses in the 
bordering schists are not abundant.” In the case of the New 
Hampshire pegmatites, however, erosion has not yet exposed the 
parent batholith which may lie beneath. 

Outcrops of the pegmatites are exceedingly abundant. As a 
rule they stand out prominently on hillsides or ledges because of 
their whiteness ; in some cases they are more resistant to weather- 
ing than the inclosing schist. 

9“ Mica Deposits of the United States,” U. S. Geol. Surv. Bull. 470, p. 108, 1923. 

10 “ Geology of New Hampshire,” vol. II., Pt. II., pp. 506-509, 514-517, 1877; 
vol. III., Pt. V., pp. 88-89, 1878. 

11 Jackson, C. T., Final report on the geology and mineralogy of the state of 


New Hampshire, pp. 59-80, Concord, 1844. 
12U. S. Geol. Surv. Bull. 445, p. 46, 1911. 
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Occasionally, due to fracturing of the pegmatite, partial kaolin- 
ization of the feldspar has extended to some depth, in one extreme 
case to 125 feet. This interferes locally with the workability of 
the spar. Curiously enough the beryls in some dikes are badly 
shattered, while the feldspar is little affected. In most cases the 
shattering appears to be associated with faulting. Fracturing, so 
commonly seen in many tourmalines, may be attributed to move- 
ments in the mass before all the minerals had crystallized, because 
many of the cracks in the former have been filled by later quartz 
and even feldspar. 

Dimensions of Pegmatite Bodies—The pegmatites of the Gil- 
sum area range in size from small stringers to large masses a hun- 
dred or more feet across; there is a corresponding variation in 
length, although dimensions along the strike are difficult to de- 
termine. The workings of the New Hampshire Mica and Min- 
ing Company, two miles north of Gilsum, extend for several 
hundred yards, and at the Golding-Keene quarry, 1% mile north 
of the preceding, the dike has been worked along the contact for 
a distance of 1,000-1,200 feet. Few definite figures are avail- 
able regarding the depth. The deepest working is about 200 feet 
below the surface, and here the pegmatite shows no indication of 
giving out or the dike of narrowing. Another quarry shows no 
change at 125 feet. The width of the dikes seems to bear some 
relation to the amount of feldspar and mica which they contain, 
but the nature of the outcrop cannot always be taken as an indi- 
cation of conditions below the surface. 

The larger deposits are worked for both feldspar and mica, 
although the latter is generally the only mineral that can be eco- 
nomically obtained from the smaller dikes. 

Character of Boundary.—The line of contact between peg- 
matite and schist is usually quite sharp (Fig. 1), even though 
there are offshoots or apophyses injected along the foliation 
planes. Gradational contacts are rare, but an interesting one 
244 miles south of Gilsum village may be noted. Here the sec- 
tion from wall rock into pegmatite shows the following: Highly 
biotitic schist grading into biotite schist with quartz stringers 
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along schistosity, grading into a very quartzose schist with small 
crystals of garnet, beryl and small muscovite flakes. This in 
turn grades into quartz, feldspar and garnet, with a few small 
beryl crystals and schistosity absent, and many small tourmalines, 
finally merging into pegmatite. 





Fic. 1. West face of the Eureka quarry, showing the sharp contact 
of the pegmatite with the schist wall rock, a feature characteristic of 
most of the dikes of the area. 


Texture-——The pegmatites of the Gilsum area show great ir- 
regularity of texture. It is usually finer next to the walls, and in 
the smaller dikes, but even the large ones may show great ir- 
regularity of grain, and the quartz and other minerals may be so 
intimately mixed with the feldspar as to make a dike valueless as 
a source of feldspar. 

The feldspar crystals range from 3 to 5 feet in length and up to 
3 feet in width. The quartz masses, too, are occasionally of large 
size, one 15 feet long and 2 feet wide having been noticed. The 
beryls may reach one foot in diameter. 

Graphic granite is not at all uncommon and may grade into 
pure feldspar in any direction. One curious intergrowth of 
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quartz and feldspar is that shown in Fig. 2, which consists of 
a pyramid with numerous plates of feldspar lying parallel to the 
base of the crystal, and also parallel with the cleavage of the feld- 
spar. The back of this specimen is pure feldspar, suggesting that 





Fic. 2. Quartz pyramid showing intergrowth with plates of feldspar in 
the plane parallel to the base of the crystal. 


the feldspar developed first, the quartz solidifying some what 
later as eutectic conditions were reached, and forming the inter- 
growth of quartz and feldspar along crystallographic lines. 

The flattening of various minerals between plates of mica has 
been noted by Hitchcock,** this being well shown in the case 
of some tourmaline crystals which lie between flakes of muscovite. 
In one case the tourmalines were so thin as to be transparent and 
when two such crystals were placed with their longer axes at 
right angles they caused polarization of light. Vugs and druses 
are uncommon, but when found were either lined with quartz or 
filled with intersecting plates of albite (cleavelandite). 

The border phase of the pegmatites is usually of a finer grained 


13 “ Geology of New Hampshire,” vol. III., pt. III., p. 85, 1878. 
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texture, as has been noted by various writers,** it consists largely 
of quartz and muscovite with very little feldspar and the mus- 
covite plates lie at right angles to the wall. With increasing 
width of the dikes, the proportion of workable feldspar increases. 

Cases where the mica books are irregularly scattered through 
the pegmatite are the exception rather than the rule, a condition 
which seems to be duplicated in many of the Maine pegmatites 
described by Bastin.** 

Relation of Pegmatite to Country Rock.—The wall rock of the 
pegmatites in the Gilsum area is a muscovite or biotite schist ** 
with quartz, garnet and tourmaline, the last two being most notice- 
able near the contact and probably due to contact metamorphism. 
The rock takes on a gneissoid appearance, however, near the peg- 
matites, due to lit-par-lit injections. Where the rock is but 
slightly impregnated with pegmatitic material thin sections of it 
show muscovite and biotite as the dominant minerals (Fig. 3), 
but more complete impregnation shows a greatly increased amount 
of quartz and albite (Fig. 4). There is also a development of 
garnet (Fig. 5), and especially of tourmaline. Indeed this ex- 
tensive tourmalinization is a noticeable feature of the wall rock 
immediately adjacent to the pegmatite. This portion may be a 
solid mass of tourmaline crystals of various thicknesses up to an 
inch. The smaller tourmalines have replaced the quartz of the 
wall rock in contrast to the replacement of tourmaline by quartz 
in the pegmatite itself. 

It is presumed that the solutions penetrating the wall rock were 
supersaturated with respect to tourmaline and undersaturated with 
respect to quartz, conditions which would encourage the replace- 
ment of quartz by tourmaline. - On the other hand, in the peg- 
matite the last solutions were rich in silica and easily replaced the 

14 Kemp, J. F., “ The Pegmatites,” Econ. GEox., vol. 19, pp. 705-709, 1924. Also 
Hess, F. L., “ The Natural History of the Pegmatites,” Eng. and Min. Jour. Press, 
vol. 120, pp. 289, 296, 1925. 

15 U. S. Geol. Surv. Bull. 445, p. 26, 1911. 

16 Sterrett (Mica Deposits of the United States, U. S. Geol. Surv. Bull. 740, 


Pp. 107, 1923) calls it a mica gneiss, but the term schist seems more appropriate 
because of its strong foliation. 
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earlier tourmaline. This tourmalinization may extend several 
feet from the contact. The crystals lie with their longer axes 
approximately parallel to the schistosity and may reach an inch in 
length. 





Fic. 3. Photomicrograph of schist wall rock showing biotite (dark) 
and muscovite (light to gray). Quartz (Q). Tourmaline (7). Open 
field (OF). XX 12. 

Fic. 4. Photomicrograph showing a stage in the impregnation ot 
schist wall rock by pegmatitic material more advanced than in Fig. 3, 
quartz (Q) and albite (4) now being dominant. Muscovite (M). 
Biotite (B). Open field (OF). Crossed nicols. Io. 

Fic. 5. Photomicrograph of schist wall rock showing garnet crystals 
(G) with muscovite (light gray) and biotite (dark). Quartz (Q). 
Magnetite (Ma). X 12. 
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MINERALS OF THE PEGMATITES. 


Quartz—This is commonly the most abundant mineral, espe- 
cially in the smaller dikes, but in the larger ones it may be 
exceeded by the feldspar. It occurs as irregular masses or inter- 
growths with feldspar or other minerals, some of which it 
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Fic. 6. Tourmaline crystals from the.dump of the Eureka quarry, 
three miles northeast of Gilsum village, showing cracks filled by quartz 
and feldspar of a later generation. 


replaces; in other cases it fills cracks in them, as in the case of 
tourmaline (Fig. 6). It is commonly quite clear and glassy. It 
rarely shows crystal outlines unless deposited in cavities. It 
seems to have been the last mineral to crystallize, commonly form- 
ing tongues. Undulatory extinction is frequently noticed under 
the microscope. 

Feldspar.—This occurs as oligoclase, albite or microcline, a 
perthitic intergrowth of the last two being common, and repre- 
senting the most abundant type. At the outcrop the feldspar may 
show kaolinization. Large masses of feldspar occur only in the 
larger dikes. The color is pure white to cream, bluish-white or 
even gray; pink or flesh color is rare. 
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Under the microscope some sericitization is seen, and bending 
or even faulting of the twinning planes (Fig. 7) are also noticed. 

At only one locality was albite, variety cleavelandite, found in 
any quantity and Fig. 8 shows the common irregular orientation 
of the plates. The spaces between the plates may be more or less 
completely filled with quartz; the latter is, in places, well crystal- 
lized. Rarely plates of albite project into small cavities. 

The formation of these crossing plates of feldspar might be 
explained as follows: If a very mobile albite solution were uni- 
formly supercooled, the temperature of nearly the whole mass 
would be brought down to a point where crystallization centers 
would start almost simultaneously and radiate in all directions 
from these centers through the highly fluid solution. The cross- 
ing of the crystals is due to their unequal solubility, and when 
such radiating plates grow together it would be expected, if time 
and conditions permitted, that the more stable crystal would cause 
solution of the less stable ore at the point of contact, thereby cut- 
ting it off and giving it an apparently disconnected continuation 
beyond the intervening crystal. The extremely irregular bound- 
aries are more or less characteristic of radiating crystal growth. 
This irregularity may have been intensified by simultaneous solu- 
tion and crystallization between the less stable and the more stable 
crystals of albite, or to later solutions undersaturated with respect 
to the latter. 

In the perthitic intergrowths, albite occurs as long tongues 
working into the microcline (Fig. 9). These in places are ar- 
ranged en echelon and the minute threads of albite in the micro- 
cline mass (microperthite) show a similar orientation and are 
parallel to the larger tongues of albite. (Fig. 10.) 

This relationship has been claimed by Alling *‘ to be due to 
exsolution and not replacement. Although structures like those 
shown in Fig. 10 might perhaps be explained in this manner, it 
seems reasonable to regard relations such as those shown in Fig. 
g to be due to replacement of microcline by albite and not ex- 


17“ The Mineralography of the Feldspars,” Pt. I., Jour. Geol., vol. XXIX., p. 
222, 1921. 
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Fic. 7. Photomicrograph showing albite fractured by thrust faulting. 
Apatite crystals (Ap) occur so abundantly in this feldspar as to give it 
a light green color. Crossed nicols. Io. 

Fic. 8. Photomicrograph showing intergrowth of albite plates— 
variety cleavelandite. Sericite is developed in the crack running hori- 
zontally across the picture. Crossed nicols. 10. 

Fic. 9. Photomicrograph showing stringers of albite (light) in micro- 
cline (dark). Crossed nicols. Io. 

Fic. 10. Photomicrograph showing stringers of albite (light) in 
microcline (dark). The minute threads of albite in the microcline have 
an orientation similar to that of the larger masses of albite and like them 
are arranged em echelon. Crossed nicols.  X 10. 
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plainable as an exsolution process. Whichever explanation is 
correct for the perthite, it is probably one of the earliest products 
of crystallization of the pegmatitic material, and this would be in 
agreement with Schaller’s views.** The albite may have been 
preceded by tourmaline, as it fills cracks in the latter, or else some 
albite was dissolved and redeposited later. 

Muscovite-—This is rather abundantly distributed through the 
pegmatites, but its chief development seems to be in a zone ad- 
jacent to the wall rock. In color it ranges from light brown to 
yellowish green, the commercial material being of the former 
color. 

The platy muscovite may have preceded the tourmaline, quartz, 
and feldspar, since all three of these minerals have at different 
periods penetrated the cleavage planes of the muscovite, wedging 
the leaves apart. 

It seems possible also that there was a later deposition of seri- 
citic mica which attacked not only some of the feldspar but also 
tourmaline. 

Biotite is uncommon, and is almost wholly lacking in some 
pegmatites, especially those in which black tourmaline is abundant, 
a fact also noted in the Maine pegmatites by Bastin.** When 
present it is in the nature of a local concentration but is in places 
intergrown with muscovite. It may show alteration to chlorite. 

Tourmaline of a coal-black color is widely distributed, and few 
of the deposits lack it. It occurs as separate crystals or in groups 
associated with all the other minerals of the pegmatites. The 
crystals are of all sizes up to six inches or more in diameter, but 
they are rarely of full length, as they are so badly cracked, a feat- 
ture common to tourmalines in many other pegmatites. The 
cracks, which are the result of readjustment during crystalliza- 
tion of the magma, are often filled with quartz and also feldspar, 
and the deposition of these later minerals may represent not only 
filling but also replacement. An interesting feature is the forma- 
tion of flat tourmalines between muscovite plates. 

18 “ Mineral Replacements in Pegmatites,” Amer. Mineral., vol. XII., pp. 61-62, 


1927. 
18U. S. Geol. Surv. Bull. 445, p. 16, 1911. 
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Thin sections often show replacement of tourmaline by feld- 
spar, quartz, and sericite, all of which seem to point to its rela- 
tively early crystallization, taken in connection with the fact that 
it is more stable under high temperatures. 

Beryl——The widespread occurrence of this mineral and the 
large size of some of its crystals is a characteristic feature of the 
pegmatites of the Gilsum area. The color ranges from light blue 
to bluish or yellowish green, and sometimes to a yellow (golden 
beryl). Many of the crystals are rather cloudy, although a few 
are relatively clear and have been cut for gem stones. ,Ihey are 
commonly fractured. 

The beryl crystals, here and there, are partly altered to sericite. 
Like the tourmalines, the fractured beryls have in places been 
cemented by quartz, and in some sections there appears to have 
been replacement by albite, quartz and rarely tourmaline; although 
this suggests an early crystallization of the beryl, it seems more 
probable, considering its large size and good crystal form, that 
most of it was formed later. 

Garnet is more or less widely scattered through the pegmatites 
but is most abundant in the more quartzose portions along with 
muscovite or tourmaline; it rarely occurs with feldspar. It is 
commonly in small bright-red crystals averaging 1/16 inch in 
diameter, but it may form larger aggregates of massive character. 
Alteration to chlorite was noted. Where garnet crystals are de- 
veloped in the wall rock, they have displaced the mica plates, 
which are now bent around them (Fig. 5). 

Apatite is a minor constituent, forming separate crystals or 
segregations, some of the latter reaching a diameter of one inch. 
Its color is dark cloudy green. In one quarry the minute crystals 
are so abundantly scattered though some of the feldspar as to give 
it a light green color, and it is interesting to note (Fig. 7) that the 
minute fractures which had displaced the twinning lamellae of the 
feldspar did not crack the apatite, suggesting that it is of later age. 

Spodumene, in large crystals several feet in length, was found 
in one quarry. It occurred associated with nearly all the other 
minerals of the dike. Some of the spodumenes appear to be al- 
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tered, probably to cymatolite. The crystals are colorless to white. 
Pink, and light green varieties, representing probably kunzite and 
hiddenite respectively, were also seen. No spodumene has been 
previously reported from this area. 

The exact position of these crystals in the crystallization se- 
quence could not be determined as they lie in an inaccessible place, 
and the specimens collected were those that had fallen down, but 
it is possible, judging from their perfection of form, that they 
may occur in the position assigned them by Schaller,”® who states 
that they, are among the last-minerals to crystallize in the peg- 
matites and may replace all others. 

Autunite-—This mineral occurs as small micaceous flakes or 
scales of a light greenish-yellow color lying between the plates of 
albite at the quarry of the New Hampshire Mica and Mining Co. 
It is also present in the extensively tourmalinized portion of the 
wall rock. The largest flakes were 4 mm. in diameter, but most 
of them are much smaller. 

While autunite has been previously reported from New Eng- 
land, it has not been noted from the Gilsum area. 

Pyrite is rare, but was observed filling cracks in a pegmatite 
214 miles northeast of Gilsum village. 

Zircon in small grains was noted in some pegmatite stringers 
in the wall rock, and so was magnetite, but the latter appears to 
be associated with the schist rather than the pegmatite. 


ORIGIN OF THE PEGMATITES 


Much has been written regarding the nature and origin of 
pegmatites, and that which appeared prior to 1924 has been well 
summarized by J. F. Kemp." He called attention to the large 
crystals so commonly found in these bodies, and thought it diffi- 
cult to explain them by the usual processes conceived to operate 
in dikes, arguing that they could be accounted for only by as- 
suming an injection of extreme mobility, and citing as evidence 
numerous cases of lit-par-lit injection associated with pegmatites. 


20 Amer. Jour. Sci., 5th ser., vol. 10, pp. 269-279, 1925. 
21 The Pegmatites, Econ. Gro., vol. 14, pp. 697-723, 1924. 
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He regarded them, therefore, as of aqueo-igneous origin, stating 
that the high fluidity of pegmatites prevents a distinction as to 
dikes or veins because it is impossible to decide when the differen- 
tiate ceased to be a magma and became a watery solution. 

One of the most recent concepts advanced to explain the origin 
of pegmatites is that made by F. L. Hess,”* who considers that 
there are many points of resemblance between pegmatites and re- 
placement veins. According to him, albite has replaced other 
minerals and may itself be replaced. In the case of a pegmatite 
at Keystone, S. Dak. the order of successive replacement would 
be quartz, by muscovite, by albite, by beryl. Even the large 
spodumene crystals he regards as the results of metasomatic proc- 
esses. These replacement phenomena he believes are explainable 
only by the long continued flow of solution. He states: 


The liquid flows through the middle or hottest part of the pegmatite, dis- 
solves minerals soluble at the temperature of the fluid, and carries them 
to a cooler place for redeposition, and at the same time deposits, accord- 
ing to temperature and perhaps other conditions, the minerals it already 
held in solution. As the somewhat cooled dike heats up through the 
continued flow of the magmatic solutions, quartz and other of the original 
fine-grained minerals are attacked, and minerals, such as beryl, columbite, 
and cassiterite, carried by the solutions, take their place. Minerals first 
deposited by the invading fluid may be redissolved and moved ito a higher 
or cooler place. Nuclei of microcline, amblygonite, spodumene, mus- 
covite, etc., grow to great size as the passing liquid drops its load from the 
cooling magma and carries another forward. 


Where solution takes place faster than deposition vugs may be 
formed. The action outlined above by Hess he thinks accounts 
satisfactorily for the large size of the crystals in pegmatites. As 
to the state of the solutions he “ finds it hard to conceive them as 
other than gas.” 

Somewhat similar views regarding the formation of pegmatite 
minerals by successive replacement have been suggested by Landes 
for the pegmatites of central Maine,** and by Schaller for lithium 

22“ The Natural History of the Pegmatites,” Eng. and Min. Jour. Press, vol. 


120, pp. 289-298, 1925. 
23 Amer. Mineral., vol. 10, p. 355-405, 1925. 
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pegmatites.* In a later paper, Schaller *° expresses the general 
sequence as follows: High temperature potassium feldspar, in- 
version to microcline, a little perthite, quartz, albite, muscovite 
and the general group of such minerals as black tourmaline, gar- 
nets, common beryl, followed by the lithium minerals, the phos- 
phates, sulphides, carbonates and oxides. Quartz seems to come 
in all along the line of replacement. Any one of these minerals 
may have more than one generation. 

Lindgren *° calls the pegmatites dikes, products of the differen- 
tiation of a large parent intrusive mass. They show a distinct 
succession of minerals according to temperature, those crystal- 
lizing first being later unstable and attacked and replaced. 

From the foregoing summary of the various theories it is evi- 
dent that there are some points upon which there is rather general 
agreement, namely, that the pegmatites are associated with in- 
trusive igneous rocks; that water, gases, and mineralizers have 
played an important part in their formation, that the pegmatitic 
material was in a very mobile state; and that hydrothermal action 
in the form of replacement has been extremely active. The ques- 
tion of the proper term for these deposits is still a matter of dis- 
pute, but following the general usage it is preferred to call the 
pegmatites dikes and so emphasize their relationship to the in- 
trusive mass of which they are offshoots, although their resem- 
blances to veins are not thus disregarded. In this latter con- 
nection it may be questioned whether the processes which have 
been customarily referred exclusively to veins cannot operate in 
igneous rocks, and hence the term “ dike” have a broader sig- 
nificance and a more inclusive connotation than has previously 
been given it. This idea is conveyed by Schaller ** when he says: 

If the theory of the formation of pegmatites . . . holds, namely that if 


they consist of minerals other than potassium feldspar they are largely 
replacement effects, then one is justified at least in asking whether or 


24 Amer. Jour. Sci., 5th ser., vol. 10, pp. 269-275, 1925. 

25 Amer. Mineral., vol. 12, pp. 59-63, 1927. 

26 Mineral Deposits, 3d ed., pp. 840-862, 1928. 

27 Schaller, W. T., “ Mineral Replacements in Pegmatites,” Amer. Mineral., vol. 
12, p. 63, 1927. 
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not a similar condition holds for many igneous rocks. If it does, and if 
the accessory minerals and other hydrous minerals such as the horn- 
blendes and the micas for example, in a granite, are not original pyro- 
genic minerals formed directly from the magma but are later reaction 
products in an already formed rock, then not only must our ideas of the 
genesis of igneous rocks in general be modified but a new scheme of 
genetic classification of rocks will be needed. 


This theory of a replacement origin seems to be applicable to 
the pegmatites of the Gilsum area, for instances of replacement 
are noted in the discussion of the minerals of the pegmatites. The 
general relations of these minerals suggest that tourmaline was 
probably the first mineral to crystallize in the dikes, and was 
closely followed by perthite. The tourmaline-bearing solutions 
penetrated the wall rock in advance of the others and caused its 
extensive tourmalinization. At what period the tourmaline in the 

gmatites was fractured is not entirely clear, but it must have 
been fairly early in the pegmatitic process since the tourmaline is 
cemented by both feldspar and quartz. Mica-bearing solutions 
followed the tourmaline and deposited muscovite chiefly along 
the contact with the wall rock. Some feldspar had developed by 
this time, as is shown by the fact that muscovite (and biotite) 
replace the feldspar as well as the tourmaline. It seems probable, 
considering the well developed character of the other minerals 
such as beryl, garnet, spodumene, and apatite, that they are all of 
a later stage than the above minerals. In the case of the beryl 
its growth by replacement of the surrounding material seems the 
most logical explanation to account for the large size of some of 
its crystals. A similar reasoning seems to be applicable to 
spodumene, and the mineral is referred by Schaller ** to the later 
stages of pegmatitic action. Autunite also is probably of later 
origin, since it occurs between the plates of the albite and between 
other minerals in the wall rock. Quartz. may have crystallized 
all along the line of replacement, as is noted by Schaller,” but it 

28 Schaller, W. T., “ The Genesis of Lithium Pegmatites,” Amer. Jour. Sci., 5th 
Ser., vol. 10, pp. 269-279, 1925. Schaller, W. T., “Mineral Replacements in 
Pegmatites,” Amer. Mineral., vol. 12, pp. 59-63, 1927. 


29 Schaller, W. T., “ Mineral Replacements in Pegmatites,” Amer. Mineral., vol. 
12, p. 62, 1927. 
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appears to have crystallized largely in the closing stage of the 
process, since it replaces all minerals in the pegmatites. At the 
quarry of the Golding-Keene Company a number of quartz veins 
were observed in the feldspar and graphic granite on the south 
face at the bottom of the pit. These veins were from 4 to 2% 
inches wide and extended upward for about 30 feet. Their re- 
lations suggest that they are definitely of a later age than the 
main body, and represent residual quartz squeezed out of the 
magma into cracks in the already solidified portion, these cracks 
being initiated probably as the result of cooling stresses. 

The broader relations of the pegmatites are discussed under 
their distribution. Their relations to the parent mass could not 
be determined because granite was nowhere observed within the 
area, probably because erosion has not yet proceeded far enough 
to expose it. Bastin *° has stated that certain features shown by 
the pegmatites of Maine lead to the conclusion that the pegmatite 
magma did not differ greatly in physical characters from the 
granite magma. Some of these features are the sharpness of the 
contact with the schist,** the small proportion by volume which 
the cavities bear to the whole pegmatite mass, and the absence of 
notably greater contact metamorphic effects near pegmatite than 
near granite contacts. The pegmatites of the Gilsum area have 
notably sharp contacts, contain few cavities, and have produced 
contact metamorphic effects in the country rock for only a few 
feet. These features would seem to indicate that Bastin’s con- 
clusion could be applied to the pegmatites of the Gilsum area. 
On the other hand, the replacement theory necessarily implies a 
considerable mobility for the pegmatite magma, and, as has been 
noted in the discussion of the various theories of origin, many in- 
vestigators have emphasized the importance of the action of water, 
gases, and mineralizers, so that at the present time the condition 
of the pegmatite magma still seems to be an open question. 


80 Bastin, E. S., “ Geology of the Pegmatites and Associated Rocks of Maine,” 
U. S. Geol. Surv. Bull. 445, p. 45, 1911. 

81Graton, L. C., “ Reconnaissance of Some Gold and Tin Deposits of the 
Southern Appalachians,” U. S. Geol. Surv. Bull. 293, pp. 43, 60, 1906. 
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COMMERCIAL PRODUCTS. 


Feldspar.—The production of feldspar from the Gilsum area 
is a relatively recent development but the output is now consider- 
able. Most of it is used as a fluxing material in pottery bodies, 
but some is also employed in the manufacture of scouring soap 
and opalescent glass. Care must be taken to select spar suf- 
ficiently low in quartz, it being claimed that for pottery purposes 
an amount over I0 per cent. is undesirable. Muscovite and iron- 
bearing silicates are likewise avoided, the former because it af- 
fects the color of the fused spar, and causes mechanical difficulties 
in grinding, the latter because the iron spoils the color of the ware. 
For scouring soap the quartz content should be particularly low. 

In preparing the spar for market it is put through a grinding 
and screening process.** Of the ground product go per cent. is 
said to pass a 300-mesh sieve, and 99 per cent. a 140-mesh one. 
For some years New Hampshire has ranked second or third 
among the feldspar producing states. 

Mica.—The commercial mica produced in this area is entirely 
muscovite, all of the workable material being obtained from 
“ books,” the average size of these being under Io inches across 
by 2 or 3 inches in thickness. Some books of mica weighing as 
much as 500 lbs. have been found, and the largest single sheet re- 
corded is 19 x 8 inches. 

Although the mica is usually confined to the boundary of the 
dikes, in one deposit, that of the New Hampshire Mica and Min- 
ing Company, it is irregularly distributed throughout the peg- 
matite mass. Most of the mica is a light or clear rum color. 

The mica is sent to the mill for splitting and trimming accord- 
ing to the usual methods. Pieces too small for sheet material 
are ground. 

The sheet mica is used chiefly for electrical work, and the 
ground product is sold for wall paper, paint, lubricating com- 
pounds, etc. Since 1911 New Hampshire has ranked second 
among the mica-producing states. 

Dept. oF GEOLOGY, 
CorNELL UNIVERSITY, 
ItHaca, N. Y. 
32 Ladoo, R. B., U. S. Bur. Mines, Repts. of Invest., Ser. No. 2396, Sept. 1922. 





CONTACT METAMORPHISM OF THE ELLSWORTH 
SCHIST NEAR BLUE HILL, MAINE. 


J. L. GILLSON AND R. M. WILLIAMS. 


STATEMENT OF THE PROBLEM. 


On the east side of Penobscot Bay, along the Maine Coast, an 
old Cambrian or pre-Cambrian sedimentary rock occurs that was 
intensely metamorphosed in early Paleozoic time to a highly 
foliated quartz-chlorite schist, known now as the Ellsworth schist. 
After its regional metamorphism, and probably in Devonian time, 
it was intruded by a granite without important accompanying 
stress. The resulting contact metamorphism was severe, and the 
fissile schistose rock was converted into a laminated, but massive, 
hornfels of interesting mineralogy. 

The problem of this intrusion and metamorphism is of further 
importance since the old copper mines of the Blue Hill district 
from which probably as much as $400,000 worth of metal was 
recovered from 1878 to 1882, occur in the contact-metamorphosed 
schist. The ores of these mines were described by Emmons? as 
pre-metamorphic deposits that were crushed and partly recrystal- 
lized during the regional metamorphism, but remained unaffected 
by the granitic intrusion. This petrographic study confirms the 
conclusion of Lindgren* that these ores are of contact meta- 
morphic origin, and are related to the granite. A later paper 
by Dr. W. H. Newhouse will present additional evidence as to the 
relationships and genesis ‘of the ores, based on a study of polished 
sections. 

1 Emmons, W. H., “Some Ore Deposits in Maine and the Milan Mine, New 
Hampshire,” U. S. Geol. Survey Bull. 432, pp. 15-19, 1910. 

2 Lindgren, Waldemar, “ The Cordierite-Anthophyllite Mineralization at Blue 


Hill, Maine, and its Relation to Similar Occurrences,’ Proc. National Acad. 
Sciences, vol. 11, No. 1, pp. 1-4, 1925. 
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LOCATION. 


The area, which is not far from Lafayette National Park, com- 
prises the mainland part of the Blue Hill quadrangle (Fig. 1) and 
the southwest corner of the Ellsworth quadrangle which adjoins 
the former on the northeast. The Blue Hill quadrangle is a part 
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Fic. 1. Outline map of the Maine Coast showing in a square the lo- 
cation of Fig. 2. Ellsworth is northeast of the square. An insert shows 
the position of this map in the State of Maine. 


of the area covered by the Penobscot Bay folio, published by 
Smith, Bastin and Brown.* The district is well known to tour- 
ists and coast-wise seamen by Blue Hill, in the east-central part 
of the quadrangle, which has an elevation of 940 feet and is a 
conspicuous landmark that can be seen for many miles. 


PREVIOUS LITERATURE. 


The general geology of the whole Penobscot quadrangle, a 
thirty minute sheet, has been described,* but the local feature of 
3 Smith, G. O., Bastin, E. S., and Brown, C. W., “ Description of the Penobscot 


Bay Quadrangle,” U. S. Geol. Survey, Geological Atlas, folio 149, 1907. 
+Idem. 

























184 J. L. GILLSON AND R. M. WILLIAMS. 


intense contact metamorphism around Blue Hill was not recog- 
nized by the authors. Emmons’ study of the mines included no 
new field or petrographic investigation and he simply quoted the 
descriptions of the geology and petrology from the earlier report. 
He® connected the ores with the Castine intrusives which out- 
crop a considerable distance away. In 1923, Mr. D. G. B. Thomp- 
son, an undergraduate student at the Massachusetts Institute of 
Technology, selected for his bachelor’s thesis the problem of the 
genesis of the ores of the Blue Hill mines. His thesis was never 
published, but during the course of his laboratory study the pres- 
ence of cordierite, andalusite, and other contact metamorphic 
minerals in the country rock of the mines was recognized. The 
mineral association of cordierite and orthorhombic amphibole 
interested Dr. Lindgren because of the association of those min- 
erals in certain European deposits familiar to him, and he * pub- 
lished a short description of the occurrence. A quotation from 
his paper is pertinent : 


This type of mineralization now found for the first time in America 
was formed at a high temperature, and I believe there can be no reasonable 
doubt that it was produced by emanations from the granite which out- 
crops in close vicinity. It is characterized by an abundance of introduced 
magnesia, in biotite, cordierite, and anthophyllite, and I can see no reason 
to connect it with far distant Castine eruptives. There is little evidence 
that the deposits have been dynamo-metamorphosed by a: pre-granitic 
compression. There may be some curved and corrugated pyrite streaks 
as stated by Emmons, but such may be formed during the stresses ac- 
companying the granite intrusion, or may simply be replaced, old cor- 
rugations. Veinlets of chalcopyrite and pyrite replacing the schist show 
no crushing and compression. 

The deposits are, therefore, confidently diagnosed as caused by emana- 
tions from the granite, which contained Fe,Mg,S and SiO,. That the 
granite has exerted contact metamorphism on the ‘schist is proved by 
several occurrences of andalusite described in the literature from near the 
contact. 


Lindgren compares the deposits with those of the Orijarvi 


5 Emmons, W. H., op. cit., p. 20. 
6 Lindgren, Waldemar, op. cit. 
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region described by Eskola ‘ and with those of Riddarhyttan de- 
scribed by Geijer.* 


GENERAL GEOLOGY. 


This section of the Maine Coast is underlain by old sediments, 
flows and some serpentine rocks, and by large intrusions of 
diorites, porphyritic granites and granites. Only the Ellsworth 
schist and the granite enter into the problem under discussion. 
The diorite and porphyritic granite belonged to the same period 
of igneous activity as the granite itself, but they do not seem to 





eweEST 
(pENoaSsco 
e A, 


LEGEND — 
+ 


GRANITE | 


| 


DIORITE 





eS 
MBRIANP DEVONIAN: 


=2 ~3 
OTHER ROCKS 


AMBRIAN 
Y, Yi) OR PRE- 
4G CAMBRIAN 
ELLSWORTH 
SCHIST 














Fic. 2. Geological map of the Blue Hill area, taken from U. S. Geol. 
Survey Folio 149 (Penobscot Bay Folio). Note the location of the mines 
near Second and Third Ponds. 

7 Eskola, Pentti, “On the Petrography of the Orijarvi Region,” Bull. Comm. 
geol. Finlande, No. 40, p. 259. 

8 Geijer, Per, “ Riddarhytte malmfalt,” p. 122. Edited by the Department of 
Commerce and the Geological Survey of Sweden, Stockholm, 1923. 
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have caused any of the contact metamorphism of the schist. The 
porphyritic granite has a very striking appearance because of the 
very large microcline phenocrysts that occur in it, many of which 
reach a couple of inches in length. 

Fig. 2 is a geological map of part of the Blue Hill quadrangle 
reproduced from Folio 149. It does not show the geology around 
the vicinity of Ellsworth (see Fig. 1). There, the unmetamor- 
phosed schist occurs. 


PETROGRAPHY OF THE GRANITE AND SCHIST. 


The Granite-—The granite is a quartz-rich, medium-grained, 
biotite granite of light gray color, and allotriomorphic texture. 
The largest crystals are those of the feldspars and their average 
diameter is about one half centimeter, although many reach twice 
this size, and in places the rock is distinctly porphyritic with feld- 
spar phenocrysts up to 2 centimeters in diameter. 

Microcline is the most abundant mineral except in basic border 
phases, as for example at the Owen Prospect Pit, where it is 
absent. The microcline is perthitic and in all sections shows more 
or less albitization. The quartz is undulatory, conspicuously so 
in some specimens, an important point since some of the crushing 
inferred by Emmons as proving all of the ore to be of an early 
age may be the result of the stress which strained the quartz. The 
plagioclase is oligoclase-andesine, and is somewhat sericitized in 
most sections. A few of the grains show ghosts of corroded 
cores of an earlier basic plagioclase first precipitated. Biotite is 
the only dark mineral, and in most exposures makes not more than 
5 per cent of the rock. Seen in section it has a deep brown pleo- 
chroism, and contains numerous zircon crystals surrounded by 
pleochroic halos, and is partly altered to chlorite. 

Apatite is a very subordinate accessory, and a small amount of 
deuteric muscovite, magnetite, and allanite occur. 

The Ellsworth Schist—The schist unaffected by contact meta- 
morphism was studied in the vicinity of Ellsworth (Fig. 1) and 
on the shore east of Sedgewick. The rock is a highly contorted, 
very schistose rock with thin chlorite and muscovite laminae alter- 
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nating with quartz and feldspar layers which reach one centimeter 
in thickness. In addition quartz stringers are very numerous. 

The quartz-feldspar layers consist of quartz and untwinned 
albite and have a fine grain, individual crystals being .o5 milli- 
meters in diameter, or smaller. With the quartz and feldspar, 
subordinate grains of a high-index chlorite, muscovite, and 
epidote occur. The micaceous laminae consist of highly foliated 
muscovite and chlorite foils in which occurs a considerable amount 
of a finely divided material considered to be leucoxene. Apatite 
is a subordinate accessory in both types of layers. 

Some of the quartz-feldspar layers show intense crushing, and 
have a conspicuously developed mortar structure. 

In some of the examples studied the epidote occurs as meta- 
crystals formed without regard to the schistosity, and in others 
a subordinate amount of biotite occurs, the grains of which are 
rimmed in places with finely divided magnetite. 


THE CONTACT METAMORPHOSED ELLSWORTH SCHIST. 


The Area of Contact Metamorphism.—The mass of schist ex- 
tending in a north-south direction in the north central part of the 
Blue Hill quadrangle seems to be a roof pendant in the granite, 
and, where well exposed, is seen to be intensely metamorphosed. 
The small masses near Bluff Head and Bear Head are also roof 
pendants, and are similarly metamorphosed. On the east margin 
of the granite mass which lies west of Sedgewick a narrow zone 
of the schist close to the igneous contact is also intensely meta- 
morphosed. The contact, however, must be steeply inclined, since 
the zone of metamorphism is narrow and the rock a short distance 
away, as on the east shore of Benjamin River, is unaffected. The 
area in the northeast corner of the Blue Hill quadrangle is not 
sufficiently well exposed for study. 

The best exposures of the contact metamorphosed schist are in 
the vicinity of Second, Third and Fourth Ponds, near which also 
are the copper mines. 

Macroscopic Description of the Hornfels—The contact meta- 
morphosed rock has a rather uniform appearance and character. 
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It is laminated, and though of a general purplish tint when seen 
from a distance of a few feet, consists actually of alternate black 
and gray layers. These layers are pseudomorphs of the schistose 
layers in the Ellsworth schist and show the contortions and drag 
folds characteristic of that rock, but the hornfels has no schistosity 
and breaks into angular fragments. Its weathered forms and 
outcrops, as for instance in roches moutonnées, are like those of a 
massive crystalline rock of uniform character, such as granite. 

The dark layers are rich in both muscovite and biotite, the light 
in quartz and feldspar. The thickness of such layers varies be- 
tween one half and six millimeters, although two to three milli- 
meters is an average thickness. Nests and lenses of quartz oc- 
cur, and in these, needles of a green amphibole can be recognized 
on close examination. The cordierite and andalusite, which are 
so conspicuous under the microscope, cannot be recognized with 
the naked eye. 

At the Owen Prospect, and on Blue Hill, the rock has a green- 
ish cast and contains abundant amphibole prisms sufficiently large 
to distinguish with a lens. This green rock has the same lamina- 
tion, but green and gray, and breaks without regard to this pseudo- 
morphic schistosity. 

Microscopic Description of the Hornfels.—The laminated char- 
acter of the rock is especially conspicuous in thin section because 
of the difference in mineralogy of the alternate bands. In general, 
the crystals of all the minerals have a random orientation and 
show little or no evidence of crushing. 

The light layers consist of quartz and feldspar, either micro- 
cline or acid plagioclase; or only of feldspar. The dark layers 
contain biotite and muscovite, cordierite, plagioclase, and andalu- 
site, with subordinate amounts of corundum, spinel, and mag- 
netite. The grain size varies in different outcrops and in different 
layers. The quartz-feldspar layers are finer grained than those 
of mica and cordierite. In many outcrops the quartz and feld- 
spar crystals average .02 to .03 millimeters in diameter but in a 
few of the specimens studied they reach 1 millimeter. The 
cordierite and andalusite grains are in general from two to five 
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times as large as the quartz and feldspar grains in the same thin 
section. 

The quartz and feldspar grains are anhedral in form. Most 
of the microcline is perthitic. The quartz contains numerous 
minute spherical inclusions of other minerals, including muscovite, 
biotite and a pyroxene. In some inclusions of the schist in the 
granite at the Blue Hill quarry the quartz is considerably cracked, 
but is not undulatory, and the cracks have been healed by feldspar 
of low refractive index, either microcline or albite. 

Biotite is an abundant constituent of the hornfels. In many 
of the quartz-feldspar layers it is present in subordinate quantity ; 
whereas in some it is abundant. The biotite flakes are lath- 
shaped in section, have a random orientation, and are larger than 
the grains of quartz and feldspar. Seen in section, bands of the 
biotite flakes preserve evidence of the old planes of schistosity, and 
show drag folds, and other contortions, but they are not residual 
grains, and their random orientation shows the absence of stress 
during their crystallization. They formed in those laminae of 
the proper chemical composition. 

The biotite is strongly pleochroic in shades of brown, is rich in 
minute inclusions of zircon surrounded by pleochroic halos, and 
contains also a minor amount of apatite. Where partially altered 
the biotite contains sagenitic structures of rutile, but many grains 
were completely altered to chlorite. 

In a few specimens studied, chlorite occurs as a distinct mineral 
associated with fresh biotite. Muscovite is, on the other hand, 
commonly associated with the biotite. 

Biotite occurs in subordinate amounts if at all, in the cordierite- 
rich bands. Furthermore, cordierite is present, if at all, in sub- 
ordinate quantities in specimens in which biotite is an abundant 
mineral. The cordierite occurs in mottled grains which are 
elongated, in general, parallel to the layering. The cordierite is 
not pleochroic in most specimens, but in a few it is as strongly 
so as common chondrodite, and has about the same tints, but the 
color is not uniform throughout individual grains. In many 
examples the pleochroism is weak, but distinctly noticeable on 
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close examination. Twinning in the cordierite was observed in 
many slides, and a partial alteration to a mass of serpentine, 
similar to bastite, is a common feature. 





Fic. 3. Line drawing traced directly on photomicrograph, showing 
pyrite replacing biotite (B), cordierite (C), which is much sericitized, 
as at S, and quartz (Q). X50. 


The andalusite is present in most of the cordierite layers, but 
it varies in abundance. Many of the grains are altered partly or 
completely to a felt of finely divided, colorless mica. Corundum 
occurs less abundantly than the andalusite, and where present the 
latter is rare or absent. Like the cordierite and andalusite, the 
corundum crystals are several times larger than those of quartz 
and feldspar in adjacent layers, and all are anhedral in form. 
Polysynthetic twinning of the corundum was observed in many 
grains, and a faint blue pleochroism is a characteristic feature. 

Parallel lines of minute magnetite and deep green, almost 
opaque spinel crystals, grouped together like beads on a string, 
are very abundant in many of the thin sections, but are not present 
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in all. They are most abundant in the cordierite layers, but occur 
also in biotite layers. The average grain size is under .o1 milli- 
meter, and is probably near .oo5 millimeter, and all of the grains 
are anhedral in form. A few grains of larger size were seen, but 
such are rare. Ina few of the sections minute rods of rutile oc- 
cur with the spinel and magnetite. 





Fic. 4. Line drawing traced directly on photomicrograph, showing 
pyrrhotite (black) replacing biotite (B), quartz (Q), and sericitized 
cordierite (C), X50. 


Tourmaline occurs in a few of the slides in small amounts, but 
it is not an abundant constituent. Some crystals more than a half 
inch in length were found associated with the sulphides in a speci- 
men from the dump of the Stober mine. 

A facies of the hornfels of similar macroscopic appearance, but 
of very different mineralogy, was found about a mile southwest 
of Blue Hill summit, and near the west base of the hill. It con- 
tains an amphibole, garnet, zoisite, titanite, topaz, and quartz, 
feldspar and mica. The rock is very closely laminated. Discon- 
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tinuous layers of a finely divided garnet, yellow in section and 
slightly anisotropic, contain also randomly oriented, minute mus- 
covite foils, and less abundant ones of biotite. Tiny magnetite 
grains, occur, arranged as in the more common facies of the horn- 
fels, like beads on a string. Alternate layers are composed 
largely of a pale green, non-pleochroic amphibole, the grains of 
which are randomly oriented prisms about .1 millimeter in length. 
Other layers contain quartz in large and small crystals, with which 
are interstitial sericite, biotite, and subordinate apatite and titanite 
grains. Both microcline and acid plagioclase occur with the 
quartz in subordinate quantity. Topaz occurs in but few layers, 
but where present is the dominant constituent of the layer. The 
zoisite is found only as scattered grains in different layers. 

Another specimen from the same vicinity is also rich in 
amphibole, but differs from the last in that it contains labradorite 
and epidote. The pleochroism of the amphibole in this example 
varies in different layers, being strong in some, and weak in 
others. After the amphibole the labradorite is the most abundant 
mineral and occurs as irregular grains of very small size. 

The orthorhombic amphibole mentioned by Dr. Lindgren ° was 
found only associated with the ore in specimens from the dumps 
of one of the mines. It proved to be gedrite, and has the follow- 
ing properties : 

Beta index = 1.638 + .003. Extinction angle large. 


Pleochroism weak, in shades of brown. Optic angle large. 
Optical character, negative. Prismatic habit. 


CHEMICAL ANALYSES OF THE HORNFELS AND ELLSWORTH SCHIST. 


Since it was impossible to trace unmetamorphosed layers into 
the hornfels due to lack of exposures, the attempt was made to 
prepare a composite sample of both the unmetamorphosed schist 
and the hornfels for chemical analysis. Equal quantities of three 
specimens of the unmetamorphosed schist, and equal quantities of 
five specimens of the hornfels were analyzed, with the following 
results : 


® Lindgren, Waldemar, op. cit. 
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CHEMICAL ANALYSES OF THE ELLSWORTH SCHIST. 
Naima Sahlbom, analyst. 


Unmetamorphosed Contact-metamorphosed 


Schist. Schist. 
REL 5's rang wt pe. ¥ Ne ee .61.96 59.07 
PNR 20g acon 5:6 4 Sie Sadat oo OaS 16.97 
SE ON gd Se erin oe ae Si 2.52 5-51 
FeO.. 4.09 5.28 
MgO.. 2.73 2.24 
"CO 6 lence Ra oe, ORO ey Cee, 2.34 -42 
DME 05:5 ooh in ke eaes pom. > Sane 1.14 
oS Se ee aeees «ee 3-66 
LTR co Nia Ai ny Sore a ky aa TO ‘ -39 -25 
UNDE te ye ae vie <= ; 1.60 1.00 
Mno. na ; rie pene 16 -14 
Bar etek e ewcir ic. sisiesie's NM yamiatere cis tk s0 207 3.18 
BEAD Goer aly ore whee sear: 2.02 


The results of these composite analyses indicate that taken as 
a whole there was no marked change in the chemical composition 
of the rock because of the metamorphism, except for an addition 
of iron and sulphur, and a subtraction of sodium, calcium and 
titanium. The abundant plagioclase feldspar of the unmeta- 
morphosed schist, and the clouds of finely divided leucoxene were 
attacked by the solutions from the granite, and some of the ma- 
terial was taken away and in its place ferric iron was deposited 
forming the biotite. The other minerals were recrystallized into 
new ones, but. with no appreciable change in aggregate composi- 
tion. It is true that the analyses of these composite samples may 
hide, through compensation of differences in different layers, local 
chemical changes of importance. Nevertheless they represent a 
better approximation of the effect of the metamorphism than 
isolated single analyses. 


PETROGRAPHIC EVIDENCE AS TO THE ORIGIN OF THE ORES. 


The boundary relations of the mineral grains seen in thin sec- 
tion show conclusively that the sulphides had formed later than 
the silicates (Figs. 3 and 4). The silicates are typical of those 
in other contact metamorphic zones, and the association with them 
of later sulphides is characteristic of most such zones. The later 
age of the sulphides proves their deposition by circulating solu- 
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tions. Thus the grains are not simple recrystallized old sulphides, 
nor are they crushed residual grains of ores that had antedated 
the metamorphism. 

Granting that the sulphides had been deposited from solution, 
their abundance only near the granite contact should be sufficient 
evidence that the solutions migrated from the granite. Further 
proof of their contact-metamorphic origin is the association only 
with the ores of large crystals of tourmaline and gedrite. 


Mass, INSTITUTE OF TECHNOLOGY, 
CAMBRIDGE, Mass. 
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THE CHROMITE-BEARING ULTRABASIC DEPOSITS 


nt OF SINGHBHUM. 
er 
ly C. MAHADEVAN. 


THE occurrence of chromite in Singhbhum district was first noted 
by Saubolle* in 1907 between Chaibasa and Sonua. Although 
the ore is high grade the results of prospecting did not disclose 
any large bodies. The first commercial production seems to have 
been the extraction of 400 tons of low-grade ore in 1909. 
Though it is twenty years since the chromite-bearing ultrabasic 
deposits were discovered, these have received but little attention 
from geologists in spite of the inviting commercial possibilities 
and interesting academic study afforded by the intrusions. 

There are only a few occurrences of ultrabasic intrusions in 
India; but they are not all alike. In the complete absence of mag- 
nesite as a product of alteration, the Singhbhum deposit differs 
from other Indian deposits. Three other areas besides Singh- 
bhum contribute towards the production of chromite in the Indian 
Empire, namely Baluchistan, Mysore and Salem. The Baluchi- 
stan deposits are from basic intrusions of upper Cretaceous age 
occurring as veins and irregularly segregated masses in serpen- 
tine.” 

The Mysore deposits are of Archean age (post-Dharwarian) 
and occur as veins in serpentine in dikes of the Dunite sertes.* 

The Salem deposits, which have been carefully examined by 
Holland and Griesbach,* reveal chromite as veins in magnesite, 
the whole formation belonging to the Dunite series. 

It will be beyond the scope of this paper to go into a detailed 
comparative study of the South Indian and Orissa deposits; at 

1 Records of Geol. Surv. Ind., vol. 39, p. 28. 

2 Vredenburg, Geol. Surv. Ind., Annual Report for 1902-03. 


3 Chief Inspector of Mines for Mysore, Report for 1906-07. 
4 Griesbach, Rec. Geol. Surv. Ind., vol. 28, p. 118. 
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the same time it will not be out of place to draw attention to the 
fact that in both, the country rock is of Dharwar ° age and out- 
crops of granitic gneiss are known to occur beside the ultrabasic 
rocks. But one marked contrast that is noticed even at first sight 
is the alteration of the ultrabasics to magnesite in the South 
Indian, and only to serpentine in the Orissa deposits. 

The area under description is included between 85° 36’ to 85° 
41’ east longitude and 22° 34’ to 22° 29’ north latitude. It is 
about fifteen miles west and southwest of Chaibasa, the district 
headquarters. 

Recently, Singhbhum has received attention from the Geologi- 
cal Survey of India. The general report for 1918 ° mentions the 
mapping of the area by Fermor and publishes a brief note on the 
formation. Another passing reference to these deposits is to be 
found in Fermor’s presidential address ‘ before the Geology sec- 
tion of the Sixth Indian Science Congress. In the present paper, 
a general geological description of the formations is set forth. 


ROCK FORMATIONS. 


Dharwars.—As elsewhere in Singhbhum, the (Upper) Dhar- 
war shales (corresponding to the Huronian in America) form 
the country rock. The hornblende schists associated with these 
shales in other parts of Singhbhum are conspicuously absent. 
Nor are there here the doleritic dikes and sills so profusely de- 
veloped in Southern Singhbhum. 


Post-Dharwar Granites —Exposures of post-Dharwarian gran- 
ites are few in number; they are much altered and decomposed. 
A granite intrusion into shale with development of kaolin at the 
contact may be seen west of Rangamatti village. The contact 
between granite and the ultrabasics is seen in an outcrop half 
a mile south of Jojohatu mining camp. In this locality, prob- 
ably as a result of the influence of the ultrabasics, the granite has 
developed porphyritic structure at the contact zone. 


5 Corresponding to the ‘ Huronian’ of America. 
6 Records of Geol. Surv. Ind., 1919, Pt. 1, pp. 10-12. 
7 Fermor, L. L., Asiatic Society of Bengal, New Series, vol. XV., p. 170, 1919. 
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Quartzites—An important formation in the area is the quartz- 
ite group, which includes a heterogeneous assemblage, each with 
its distinctive features. Thus there are ferruginous Dharwar 
quartzites as seen in parts of Jilpingutu, the iron being in places 
concentrated to form an ore. There are also cherts in close 
proximity to and often capping the ultrabasic intrusion—evi- 
dently derived from the ultrabasics as a result of the leaching 
process. The few veins of quartz that fringe the margins of the 
peridotites, as seen near the Bongamunda river, seem to be late 
products of the intrusion. 


Peridotite-—The peridotite which gives rise to the chromite 
deposits is situated within an area of about 20 square miles and 
forms three hills of which Kimsiburu is the most massive and 
Roro-Chitung the most productive. Ramla-Kitta Buru is com- 
paratively smaller and less important economically. The minor 
outcrops that are confined to the lower ground do not commonly 
contain chromite deposits. These are completely altered into 
talc schists. 


STRATIGRAPHIC RELATIONSHIP. 


The intrusive character of the ultrabasic rock is displayed 
clearly at Bankou Kadan in the Kimsiburu, where a massive 
band of peridotite has intruded into the shales. 

As regards the relative order of sequence of the granites and 
the ultrabasics, only a single instance came under the author’s 
observation. Even here, the evidence is indirect. Between 
Bongamunda Lor and Jojohatu mining camp is a contact be- 
tween granite, ultrabasic rocks and shale. The shale is here (as 
elsewhere in such contact zones) altered to talc schist; but the 
junction of the tale schist and the granites is marked by the in- 
duration of the former and they show great disturbance. From 
this it is concluded that the granites are the later intrusives into 
the Dharwars and the peridotites the earlier. This order of 
sequence is in conformity with the classification of Jones * for the 
South Singhbhum formations. 


8 Jones, Rec. of Geol. Surv. Ind., 1922. 
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PETROLOGY. 


Since it is intended to take up later a detailed study of the 
petrology of the area, only a general description of the rock types 
is included in this paper. 


Quartzites—The Dharwar quartzites are often ferruginous, 
varying in color from light gray to dark red, depending upon 
the percentage of iron present. Under the microscope these are 
seen to be composed of rounded crystals showing the usual strain 
phenomenon characteristic of quartzites. In the interstices of 
quartz grains, hematite and magnetite are observed. 

Ultrabasic Rocks.—In the KK, and Bongamunda side of the 
Roro-Chitung hill, pyroxenites predominate. The pyroxene has 
undergone uralitization; schiller-structure is common and char- 
acteristic. These pyroxenites often grade into enstatite perido- 





Fic. 1. Olivine with chromite along cracks. 


tites (saxonites), the olivine showing poikilitic structure. With 
the disappearance of enstatite, saxonites change into dunites. 
The Roro Kandans and facies similar to the Roro Kadans show 
either saxonites or dunites. The cracks in the olivine are oc- 
cupied by the chromite ore (Fig. 1). 

Serpentinization is almost universal in both the pyroxenites 
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and dunites. Commonly, the serpentine is pseudomorphous after 
the original minerals; thus bastite, mesh and knitted structures 
are obtained from enstatite, olivine and pyroxene respectively. 
In places the serpentine shows wavy structure around well-formed 
crystals of picotite and chromite. 


Cherts——The cherts derived from ultrabasic rocks require 
special mention. Megascopically, they are dark, appearing al- 
most like ferruginous quartzites, and show an occasional crystal 
of picotite or pleonaste. Microscopic sections show that the 
original minerals are all replaced by iron ores or by chromite, the 
structure still being preserved in many cases. The cracks and the 
cleavage planes, in fact, all the available spaces, are filled with fine- 
grained quartz. 


Talc Schists—The tale schists are grayish green in color, soft 
to the touch and shaly in appearance if from contact zone between 
ultrabasics and shales, and indurated if from contact areas where 
granite is intrusive. In this case, a fibrous ground-mass of talc 
encloses rounded grains of quartz. 


Vein Quartz.—The vein quartz which, as mentioned, fringes 
the ultrabasic formations is milk-white in color. It is distin- 
guished under the microscope by its low refractive index, absence 
of rounding or strain and low interference colors. 


Granites.—The granites are medium to coarse grained. The 
feldspar is usually orthoclase decomposed into kaolin. Biotites 
and other accessory minerals are rare. 


ORE DEPOSITS. 


It was mentioned earlier that three rather prominent hills and 
a few minor outcrops constitute the peridotite intrusion in the 
area. It was also pointed out that Roro-Chitung Buru was the 
most important hill from the economic point of view. 


Roro-Chitung Buru. 


This is to the south of the Hesaband-Chingijari road. It is 
a narrow hill; the highest point in the Chitung Buru is 1,872 ft., 
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and in the Roro-Buru 1,850 ft. The peridotites are seen at all 
levels. They are serpentinized, the serpentine often being pseudo- 
morphous after enstatite, augite or olivine. 

Roro-Buru shows two types of ore formation. In the north- 
ern side, where the peridotites appear bedded, are the Bongamunda 
and KK, Kadans (quarries) situated between 1500-1750 con- 
tours. The peridotite as well as the ore from here is structurally 
different from that in the Roro trench on the southern slope of the 
hill or from those in the other hills mentioned. 


The Bongamunda and KK. Kadans (Quarries).—The Bon- 
gamunda Kadans contain float ores at depths varying from five to 
fifteen feet from the surface. They are of poor grade and the 
analyses yield 44 per cent. of Cr.O3. 

The KK, pits expose different faces of the same orebody. In 
the Arjun Kadan face, under the soil mantle, is a layer, 20 ft. 
thick, of serpentine pseudomorphous after pyroxene. The chro- 
mite ore is about a foot thick with great lateral extension. In con- 
trast with the ore occurring in Roro Kadan, the ore here is granu- 
lar and the grains are mostly cubes truncated by octahedrons and 
form well-developed crystals. The grains are frequently ce- 
mented by sparsely distributed serpentine. An average of 4 
analyses of the ore gave 49 per cent. of Cr.Qs. 

In the Boange Kadan face, no difference is seen in the rock 
types but there is a reverse fault through the peridotite which has 
nearly doubled the thickness of the chromite bed. 

The most noteworthy feature of these mines is the presence 
of cherts in close proximity to the opened-up faces. They show 
in association picotite and pleonaste. The highest parts in the 
range are also seen to consist of the cherts. From their posi- 
tion and structure, the cherts appear to be remnants of the ultra- 
basic rocks which have been leached out. There is no doubt that 
in all these quarries secondary enrichment of the original deposi- 
tion has taken place by the waters carrying chromite in solution. 
The gradual passing of the cherts into ultrabasics is a common 
feature in many places. On the Roro side (southern flank) due 








CHI 


north of tl 
contain chr 


The Ror 


Fic. 2. | 


of the Ror 
in the shap 
length. \ 
ore, which 
roughly pz 
posit seem: 
process of 
radial bra 
average of 
the Roro t 


The Ch 
portion of 
important 
posit is no 
feature he 


ll 


}~ 


\- 


le 








CHROMITE-BEARING DEPOSITS OF SINGHBHUM. 201 


north of the village Kariahatu, the cherts are ferruginous and 
contain chromite. 


The Roro Kadans (Fig. 2).—These are on the southern flank 





Fic. 2. Roro Kadans. The chromite occurs as a dark band under 
the serpentine wall to the right. 


of the Roro-Buru near the village of that name. The quarry is 
in the shape of a trench about 40 feet wide and several furlongs in 
length. Massive serpentine, with variegated colors, encloses the 
ore, which occurs as a compact vein of about a foot thick, running 
roughly parallel to the ultrabasic rock boundary. The ore de- 
posit seems here to be primary, having been segregated during the 
process of consolidation of the original magma. Occasionally 
radial branches of the trench also contained chromite ore. An 
average of a few analyses gave 53 per cent. of Cr.O;. West of 
the Roro trench, slates are exposed. 


The Chitung Buru is the name given to the northeastern 
portion of the Roro range. The Madhav Kadan is the most 
important quarry in Chitung Buru; even here the chromite de- 
posit is not so thick as at the Roro Kadan. One very interesting 
feature here is a vein in the peridotite composed of fine-grained 
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chromite rock, the center of the vein showing fairly well-de- 
veloped crystals. 
The Ramla-Kitta Buru. 


In the Ramla-Kitta Buru the ultrabasics form a shoe-shaped 
patch running N.E.-S.W. There are a few pits in this hill but 
they contain low-grade ore. On the southeastern side of the 
Ramla Buru is a hill of quartzites and shales, the quartzites oc- 
curring higher up on. the hill; from its closeness to the ultrabasic 
formation it may be mistaken to belong to the chert group men- 
tioned in connection with the ultrabasics, but it is purely Dhar- 
warian in age. 

In the Kitta Buru there are many abandoned quarries. The 
chromite beds in these quarries are quite irregularly disposed and 
the over-burden varies from I0 to 35 ft. On account of this 
irregular disposition, no trench was seen longer than about 100 
ft. 

Kimisi Buru. 

This is an intrusive mass north of the other two mentioned 
hills. It was on the northern side, along the trunk road from 
Chaibasa to Sahedba which follows roughly the boundary of the 
ultrabasics, that Saubolle® seems to have first picked up the 
chromite ore. The Bankou Kadans (so called after the village 
close by) are all situated by the roadside at the junction between 
the shales and the ultrabasics. These two formations grade into 
each other and occasional contact minerals are developed along 
this zone. Where the ultrabasics intrude the Dharwarian shales, 
the junction plane is shaly talc, but within the pit is unaltered 
shale. The commercial possibilities of Kimisi Buru do not seem 
to have been fully explored, but from the available evidence the 
chromite deposits seem to be extensive and of high grade. 

There are, in addition to the hills described, a few economically 
unimportant patches of ultrabasic rocks occupying the low coun- 
try. These are much altered generally into tale or tale schist. 
The well in the Jojohatu mining camp passes through one of 
® Records of Geol. Surv. Ind., vol. 39, page 28. 
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these low level ultrabasic bodies. In the earth excavated, several 
beautiful pieces of chrysotile asbestos with silky luster were found. 


Ultrabasic Sill—On the Jojohatu-Hesaband road, roughly 
midway between the two villages, an ultrabasic sill injects Dhar- 
war shales. 


MINING AND QUARRYING. 


The different orebodies are worked by private owners who are 
mining-lessees. The methods of mining are crude and uneco- 
nomical. No thorough geological prospecting seems to have been 
done by any of the present lessees to ascertain the potential pos- 
sibilities. Absolute reluctance to invest initial capital for thor- 
ough prospecting and conservatism in adopting time and labor- 
saving mechanical devices contribute to the backward state of 
chromite mining in Singhbhum. Whatever ore can be exploited 
with minimum outlay is all that is quarried. The absence of even 
a field laboratory to determine the percentage of Cr.O; leaves the 
producer to depend on the buyers for information of the quality 
of the ore supplied. The mixing together of different grades of 
ore through ignorance is a common feature among the miners here. 

At present only one of the lessees is actively engaged in mining 
chromite and he holds the lease for a large area. The excava- 
tion is done by crowbars, pickaxes and occasionally by blasting. 
The ore is removed and stacked at the foot of the hill. All this 
process is being done only by manual labor. The men are paid 
5 As.*® and the women 3 As. for a day of 8 hours. The local 
Kol population supplies all the unskilled labor. The cost of pro- 
duction at the stacking ground for a ton of ore is about 8 Rs.” 
The transfer of the ore from here to the railway station at 
Chaibasa over a distance of some 15 miles is done in bullock carts 
at the rate of 9 Rs. per ton. 


10 Approximately 1 Anna= 2 cents. 
11 Roughly about 3 dollars. 
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PRODUCTION FIGURES. 


The first authoritative figures for chromite production in 
Singhbhum are those of Schroder, Smidt & Co. for the year 
1913. Since then, Singhbhum has been yearly producing chro- 
mite. A comparative study from the statistics of chromite pro- 
duction in India is shown in Table I., from which it will be seen 
that whereas the peaks and falls of Mysore and Baluchistan pro- 
ductions show some agreement, the figures for Singhbhum follow 
quite an independent course. The reason for this anomaly is not 
far to seek. The chromite production in the first two places has 
been fluctuating according to trade conditions and demands from 
foreign markets, whereas Singhbhum has been producing just 
enough to supply only the local market, especially the iron and 
steel companies of Bihar and Orissa. The table also indicates the 
low production figures for Singhbhum. 


In conclusion the author wishes to express his sincere thanks 
to Mr. A. S. Subbaiyer (Geologist, Calcutta) and to Mr. 
Mangilal (the owner of some of the quarries) for much help 
and facilities in the field; to Prof. C. V. Raman, F.R.S., for his 
kind encouragement and for permitting the use of the Chemical 
and Physical Laboratories of the Indian Association for the Cul- 
tivation of Science for analyses and microscopic examination, and 
to Dr. M. S. Krishnan of the Geological Survey of India for 
valuable criticism. 


CatcutTta, INDIA. 
































EDITORIAL 


TILTING AT WINDMILLS or WHAT IS AN ORE? 


PossiBLy no one is born precise, but some certainly become pre- 
cise as the result of an orderly mind. Others, who would remain 
happy-go-lucky, have precision thrust upon them by their environ- 
ment or by their work. The most careless person cannot under- 
take editorial duties for long without acquiring likes and dislikes 
for particular forms and words and without gradually developing 
habits and thoughts of precision and thereby becoming a sup- 
porter of law and order. In science and technology in particular 
is it necessary to preserve accurate definitions and the exact use 
of words. The modern spirit of speed and restlessness, how- 
ever, prevents the majority of people from considering such mat- 
ters, and the meaning of many a word is in consequence in- 
advertently extended ; such words tend thereby to lose their utility 
as implements for precise expression. It becomes necessary at 
intervals, therefore, to raise the voice of protest, even though to 
do so is often to assume the role of Don Quixote and tilt at the 
windmill of public carelessness. 

On more than one occasion in the past it has seemed necessary 
to discuss questions of nomenclature, in an attempt to introduce 
clarity where confusion prevailed, or to prevent the unsuitable use 
of particular terms. These efforts have not, I am afraid, been 
as fruitful of results as was hoped. This was also the experience 
of the Knight of La Mancha. Once more, nevertheless, I feel 
impelled to take the field and tilt at a windmill. But the reader 
must not picture me as protected by armor astride the good steed 
Rosinante, with lance in rest. Rather must he picture me seated 
in the Editor’s chair, and armed with a pen (quill, steel, fountain, 
or stylographic, according to fancy). The windmill at which it 
206 
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is proposed to tilt is the unsuitable use of the word “ ore.” In so 
doing, I am comforted by the thought that my occupancy of the 
editorial saddle is but for a brief period of a few pages, and that 
if I disturb the equilibrium of the editorial steed, it will be for 
our Editor to soothe him. 

Many years ago (1908) I read before a local Students’ Mining 
Society in Calcutta a paper entitled ‘ What is an Ore?”’* In this 
paper, after consideration of the derivation of the term ore,’ and 
the suitable usages thereof, the following definition is adopted: 


An ore is a mineral substance containing an economically valuable metal 
in such quantity that, given a sufficiently large deposit of such mineral 
substance and a favorable situation of the deposit as regards transport and 
smelting centers, it will pay to work the mineral substance. 


The reasons upon which this definition are based are given in the 
paper and need not be repeated here, but it will be observed that 
this definition is so drawn up as to exclude all minerals that are 
not used for the extraction of a metal. 

In 1909, the late Prof. J. F. Kemp read a paper of the same 
title before the Canadian Mining Institute.* In this paper Pro- 
fessor Kemp quotes and discusses definitions from many sources 
and finally arrives at the following : * 


In the scientific sense an ore is a metalliferous mineral belonging to the 
group of those which have profitably yielded the metals to the miner or 


1 Jour. Civ. Eng. Sibpur Min. Soc., I11., pp. 19-39, 1908. 

2 According to the Twentieth Century Dictionary, the word “ore” is derived 
from the Anglo-Saxon 6r, another form of dr, the word for brass, and it is cognate 
with the Icelandic eir and the Latin aes, both meaning bronze; the word now 
means “metal as it comes from the mine; metal mixed with earthy and other 
substances.” 

From Murray’s Oxford Dictionary it appears that the words 6r (or 6ra) and 
dr are of different origin, the former meaning “ unwrought metal,” “ore,” and the 
latter meaning “ brass.” About the twelfth century OE. dr began to be identified 
in sense with OE. 6ra, and forms descended from both continued side by side till 
the seventeenth century, when the forms derived from dra became obsolete, or 
were levelled under those from dr. Thus the modern English word appears to derive 
its sense from OE. 6ra, but its form from OE. dr, “ brass,” which may have been 
extended to the sense “ metal,” and thus to “ ore.” 

3“ What is an Ore?” Jour. Can. Min. Inst., vol. XII., pp. 356-370. 
4 Idem, p. 367. 
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metallurgist. In its technical sense an ore is a metalliferous mineral or an 
aggregate of metalliferous minerals, more or less mixed with gangue, and 
capable of being, from the standpoint of the miner, won at a profit; or 
from the standpoint of the metallurgist, treated at a profit. 


Although Professor Kemp distinguishes between the scientific 
and technical senses of the term, his definition is essentially the 
same as mine; for both senses are therein included. Further, as 
Dr. Lindgren remarks in the discussion on Professor Kemp's 
paper, it is questionable whether we need the term “ore” for 
scientific purposes at all. Dr. Lindgren would reserve the term 
“ore-mineral ” to designate the different individual metalliferous 
minerals that occur in an ore, and he suggests, following Pro- 
fessor Ries,*® 


“ 


that we speak of ore in a technical sense as meaning a mineral aggregate 
which contains enough metal to be profitably extracted, and of ‘ore min- 
erals’ to designate the metalliferous components of that aggregate, 


the other minerals being, of course, the gangue minerals. 

Professor Kemp’s definition, like mine, excludes from the term 
ore” all mineral substances that are not used for the extraction 
of a metal,® and if we take refuge in the etymology of the term, 
there is no doubt that the term “‘ ore”’ connotes a substance con- 
taining a metal, and such dictionaries as give precise definitions 
appear to be in substantial agreement with this view. Thus the 
definition in Murray’s Oxford Dictionary is as follows: 


“ce 


A native mineral containing a precious or useful metal in such a quan- 
tity and in such chemical combination as to make its extraction profitable. 


According to Webster (1912), 


an ore is any material containing valuable metallic constituents for the 
sake of which it is mined and worked. 


To this, however, Webster adds that an ore is also 


the material mined and worked for non-metals; as pyrites is a sulphur ore. 


5 Idem, p. 368. 

6 The correspondence in vol. XCVIII. of the Mining and Scientific Press upon 
Professor Kemp’s paper is also based entirely on the view that an ore is a natural 
mineral substance worked for the extraction of a metal at a profit. 
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This last usage brings us to the point of this article. Are we 
to accept the extension of the term “ore” to any type of mineral 
substance that is worked for profit, even if the object of exploita- 
tion is not the extraction of a metal? 
Such mineral substances may be classified as follows: 


(1) Mineral substances used for the extraction of a non-metallic 
element, such as pyrite for sulphur. Should this be called 
sulphur-ore ? 

(2) Mineral substances used for the extraction of a valuable 
mineral, which, whether it contains a metal or not, is not 
to be treated for the extraction of a metal, e.g. mica-peg- 
matite, corundum-bearing rock, or apatite-bearing rock. 
Should these be called respectively mica-ore, corundum- 
ore, and apatite-ore. 

(3) Mineral substances used as such, e.g. gypsum, coal, barytes, 
corundum, sillimanite and apatite. Should these be in 
any way regarded as ores? 


In Germany a clear distinction is maintained between “ Erze ” 
and “ Nicht-erze ” (ores and non-ores), and all materials in the 
three foregoing classes would be termed “ Nicht-erze.” Is it de- 
sirable for English-speaking peoples to maintain the same clear- 
cut distinction, or can we agree to the extension of the term 
“ore” to include any of the above three classes of substances? 

Every one will object instantly to anv of the substances in 
group 3 being classed as ores. Most geologists and mining engi- 
neers would also object to the substances of group 2 being so 
included. But some, although unwilling to call massive corun- 
dum-rock an ore, would be prepared to apply this term to a rock 
containing corundum mixed with some other mineral from which 
the corundum is to be separated by some method of picking or 
concentration. These persons would also be prepared to speak 
of ruby-ore, diamond-ore. Such an extension of the scope of 
the term “ ore” is to me repugnant, and I think the great majority 
of geologists and mining engineers will prove to be in agreement 
with me. Nevertheless, in the Mineral Industry for 1926, e.g. 
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under Abrasives, the statistics of imports of both corundum and 
emery are divided into ** Ore” and “ Grains.” 

It is perhaps more difficult to be dogmatic about the substances 
in group 1. According to the origin of the word “ ore” and 
various definitions given above in which this term carries the 
connotation of metallic contents, the term “sulphur-ore”’ is a 
misnomer. But there is a certain amount of authority based on 
usage for such an extension of the term, and possibly a certain 
amount of justification in that the substance to be e:.tracted, 
though not a metal, is, nevertheless, like a metal, an element. It 
appears wiser, however, to avoid even this extension. 

Summarizing, one may say that it seems desirable to limit the 
term “ ore” strictly to its metallic connotation, and to maintain a 
clear-cut distinction between ores and non-ores (i.e. mineral sub- 
stances used otherwise than for the extraction of metallic con- 
tents), comparable with the German distinction “‘ Erze”’ and 
“ Nicht-erze.” The object of this editorial, however, is to elicit 
opinion and possibly promote discussion on the extent, if any, to 
which geologists and mining men should agree to an extension of 
the term “ore.” I hope that our Editor, to whom I now resign 
the saddle, will find it easy to stop the windmill and retain his seat. 


L. L. Fermor. 
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DISCUSSION AND 
INFORMAL COMMUNICATIONS 


COMPRESSIBILITY AND ELASTICITY OF ARTESIAN 
AQUIFERS. 


Sir: In his paper in this journal on the “ Compressibility and 
Elasticity of Artesian Aquifers,’ Mr. Meinzer* has furnished a 
splendid contribution of lasting value to the hydraulics of artesian 
regions. Whoever has experimented with sands under variable 
pressures and observed how they react on the variations cannot 
fail to accept Mr. Meinzer’s conclusions as fundamentally sound. 

In a previous publication, the writer has presented the theory 
of artesian flow from lenticular bodies of sand completely sur- 
rounded and covered by half consolidated strata of clay. In this 
case, the hydrostatic pressure is solely due to the weight of the 
clay, and the water can rise in the drill hole to a considerable ele- 
vation above the surface of the ground even if there are no hills 
in the vicinity of the site. As soon as the sand is tapped by 
means of the drill hole, the excess water starts to escape from the 
clay through the sand towards the drill hole. That means, by 
releasing the hydrostatic pressure which exists within the voids 
water of the sand, one simple accelerates.the consolidation of the 
clay. The consolidation is associated with a general subsidence 
of the surface equal to the thickness of the layer of water with- 
drawn from the clay. This subsidence is almost exclusively due 
to the compression of the clay, whereas the compression of the 
sand hardly counts. In the whole process, the sand plays the pas- 
sive part of a conductor of the water from the clay towards the 
drill hole. A very instructive example of this type was encount- 

1 Econ. GEOL., vol. 23, pp. 263-291, 1928. 
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ered at the northeastern end of the Golden Horn in Constanti- 
nople. 

In the case treated by Mr. Meinzer in his paper, we have to 
deal with a stratum of sand with an almost impermeable roof and 
with an open outlet towards the surface, located at an appreciable 
elevation above the surface of the impermeable strata. In this 
case, the head is due to the presence of a column of ground water 
and the subsidence of the surface is caused by the compression of 
the sand, while the clay merely plays the passive part of a load 
whose weight was previously and partially compensated by the 
hydrostatic upward pressure. If the intensity of the upward 
pressure is reduced as a result of the withdrawal of artesian water, 
the sand undergoes, of necessity, additional compression. In con- 
nection with this fact, the following geological possibility should 
be considered. Suppose the impervious overburden was origi- 
nally very much greater than it is at present and in addition very 
much greater than the maximum pressure subsequently produced 
by the withdrawal of artesian water. Even for this case, the 
results of compression tests with sand performed in the labora- 
tory leave no doubt whatsoever that the subsequent increase in 
pressure will cause a renewed compression of the stratum of sand. 
The examples presented by Mr. Meinzer in Figure 4 to 8 of his 
paper are convincing manifestations of the elastic properties of 
the aquifers. 

The most doubtful element connected with the study of ar- 
tesian aquifers concerns the quantity of recharge which one has 
to introduce into capacity computations. Even in those cases 
where an aquifer seems to be fairly homogeneous, its permeabil- 
ity should be considered variable to such an extent that one can 
hardly speak of an average coefficient of permeability as valid 
for more than a very restricted area. Hence, even if the total 
quantity of recharge is known, the recharge may be very unevenly 
distributed over the artesian area. For this reason, the speed 
with which the head and the yield decrease, as a result of the 
withdrawal of artesian water, may in different sections of the 
same aquifer be exceedingly different. The only method of 
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approaching the problem seems to consist in comparing with each 
other the effect of withdrawing artesian water on the hydrostatic 
conditions of the different areas fed by the same general re- 
charge. Here, again, a nearly complete gradation may exist 
between almost unrestricted communication over the whole area 
and the confinement of the flow of ground water to narrow veins 
and wide pockets. The arguments presented in a paper by W. L. 
Russell on “ The Origin of Artesian Pressure” seem to suggest 
that the conditions in the Dakota Basin may be closer to the 
second extreme than to the first one. However, since Mr. 
Meinzer does not discuss in his paper this phase of the problem, 
confining himself to the fundamental physical facts, the validity 
of his conclusions remains unimpaired. 
Cu. TERZAGHI. 
Mass. Inst. oF TECHNOLOGY, 
CAMBRIDGE, Mass. 


A PORTABLE THIN SECTION MACHINE. 


DETAILED information regarding the texture and mineral com- 
position of a rock is often essential before its mode of origin can, 
with any degree of certainty, be determined. Accurate knowl- 
edge of one or two rocks met with in the field may aid greatly in 
enabling field work to be guided most effectively; delay until a 
petrographic examination can be made may mean postponement of 
the completion of the field work to another season. Further, if 
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Fic. 1. Cross section of machine. Shaded portion is aluminum. 
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one knows the details of a rock in question while on the ground, 
key localities may be examined in more detail. A careful study 
of such selected localities commonly leads to the securing of in- 
formation that otherwise would be completely overlooked. 





Fic. 2. Photograph showing the machine fitted to running board 
of field automobile. 


To enable such information to be gained, a portable thin section 
machine was designed for use in the field. It is of particular 
value where the area is some distance from the laboratory and 
where detailed information regarding the petrographic nature of 
the rock is desired. 

In the May, 1928, issue of this journal, Mr. A. Allen Wey- 
mouth has given a comprehensive description of rapid methods of 
making thin sections. He has shown that it is possible to make 
good sections in from 15 to 40 minutes, depending upon the 
character of the rock. The methods as outlined in his article 
have been successfully used and are to be recommended for use 
with the portable machine described below. 

Figs. 1 and 2 are practically self-explanatory. Power is sup- 
plied by a pulley fitted to the hub of the field automobile, as shown. 

The casting is in one piece and of aluminum. The lap is sur- 
faced with boiler plate. Bronze bushings are used and are oiled 
from the center of the shaft by a set screw in the center of the 
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lap. The pan is provided with a flange to keep the carborundum 
from reaching the bearings, and is also provided with an outlet 
tube. The machine is bolted to the running board by three bolts 
with thumb screws. The pulley for the hub is threaded for the 
particular car used, and can be tightened by means of a snub 
bolt. Its length depends upon the width of the fender of the car 
used, since the pulley must clear the front edge of the fender. Its 
diameter should be about twice that of the horizontal pulley on 
the shaft in order to give the desired velocity when the motor is 
idling in high gear. Both pulleys should be deeply grooved and 
a round leather belt used to transmit the power. The total weight 
of the machine illustrated is approximately 30 lbs. The machine 
is surprisingly free from vibration when in operation. 

Accessory equipment needed includes: a microscope; a camp 
stove or other source of heat; carborundum of two grades; glass 
slides; tweezers; stick canada balsam and xylene; substantially 
as outlined in the article above referred to. 

With but one lap it will be necessary to use care in washing all 
the coarse carborundum from the wheel before attempting to use 
the finer abrasives. If a large number of sections are to be 
ground the machine can be fitted with a detachable plate for fine 
grinding, since continued use of a plate with the coarse carborun- 
dum in initial grinding will groove the plate and make it difficult 
to grind the sections to the final desired thickness. 

Since considerable initial expense is incurred in constructing the 
pattern for the casting, a substantial saving can be made by 
securing the machine from the Meduna Machine Works, 612 
E. Pike St., Seattle, Washington. The present cost is $60.00. 

The machine illustrated was used by Prof. G. E. Goodspeed, 
of the University of Washington, during the field season of 
1928. He recommends it heartily to all those engaged in field 
work of such detailed nature that frequent examination of the 
exact character of the rock is necessary. 

C. W. FLacter. 
GEOLOGICAL LABORATORIES, 
YALE UNIVERSITY, 
New Haven, Conn. 






































REVIEWS 


Laboratory Investigation of Ores—A Symposium. Edited by E. E. 
FAIRBANKS. Pp. 262, figs. 91. McGraw-Hill Book Co., New York, 
1928 (Dec.). Price, $3.50. 

The range of subjects covered in this book may be seen by the follow- 
ing list of chapters and their authors: Historical Review of Study of 
Polished Specimens, by W. Lindgren; Microscopes, Dielectric Methods, 
and Zonal Distribution, by E. E. Fairbanks; Crystal Analysis by X-Rays, 
by W. P. Davey; Practical Photomicrography, by R. P. Loveland and 
A. P. H. Trivelli; Genetic Significance of Grain, by A. C. Lane; Ore- 
Mineral Sequence, by R. J. Colony; Microscopic Criteria of Replace- 
ment, by W. H. Newhouse; Textural Relationships of Opaque Man- 
ganese Minerals, by G. A. Thiel; Geologic Thermometry, by N. L. 
Bowen; Enrichment of Silver Ores, by F. N. Guild; Ore Dressing 
Microscopy, by G. M. Schwartz. 

Much valuable material is assembled in the book, although considerable 
of it is already available in the literature. It is not suitable as a text- 
book for those who are first taking up the study of polished surfaces of 
ores, but will serve as a valuable reference book for those already ac- 
quainted with the subject. As is the case with many symposiums, the 
subject matter is disconnected, and some of it seems out of place in the 
book. 

ALAN BATEMAN. 

A Sketch of Malayan Mining. By J. B. Scrivenor. Pp. x-+ 76, figs. 
42. Mining Publications, Ltd. London, 1928. Price, 10s. 6d. 

This is a readable account of present-day mining methods as practiced 
in the tin and gold diggings in Malaya. It describes in some detail the 
primitive methods of the Chinese miners, who often find profitable pick- 
ings in ground that has been abandoned by Europeans as too poor to war- 
rant exploitation. Though working with simple tools and employing only 
man and woman labor, the total production of tin ore by independent 
Chinese miners in the Federated Malay States is said still to be greater 
than that of European-owned mines working with modern tools. In 1927 
about 2,050 tons of ore were recovered by means of the batea alone. 
mainly by women and children, 

The book is well illustrated with excellent photographs of interesting 
mining scenes, and is well written. 


W. S. Bay ey. 
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Geology of the Tate Quadrangle, Georgia. By W.S. Baytey. Pp. 170, 
pl. 22, figs. 2, maps 2. Geol. Surv. of Georgia, Bull. 43. Atlanta, 

1928. 

This bulletin is more than a routine state survey report, for it not only 
treats of the interesting pre-Cambrian and Cambrian formations and the 
intrusives of this part of Georgia, but contains authoritative and detailed 
geological data regarding the handsome and valuable marbles of the dis- 
trict. The geologic occurrences of the marbles are carefully described, 
and detailed petrographic descriptions and chemical analyses are given. 
Many fine plates of full page size depict the quarries and illustrate build- 
ings constructed of these marbles. The marbles themselves are shown 
in excellent color plates. 

A topographic and a geologic map of the Tate Quadrangle accompany 
the bulletin. The topographic map is the result of the coGperative work 
of the U. S. Geological Survey and the State Survey, aided by a liberal 
contribution from Colonel Tate, of the Georgia Marble Co. 

The bulletin is a credit to the author and to the State of Georgia. 
ALAN BATEMAN. 


Experimentelle Methode der Vorausbestimmung der Gesteins-tempera- 
tur in Innern eines Gebirgmassiv. By K. Presser. Pp. 59, Pl. 4, figs. 
12. R. Oldenbourg, Miinich and Berlin, 1928. 

The author developes a method by which it is believed the temperatures 
at different points within a large rock-mass may be determined. After 
discussing the influence of various factors (such as the average air 
temperature, the rock conductivity, the effect of rock-moisture, radioac- 
tivity and the form of the rock-mass) upon its temperature, an electrical 
method is devised, the data from which are employed to calculate the 
temperatures at selected points within an iron-bound gypsum model of 
the rock-mass to be studied. The results thus obtained are analyzed and 
corrections applied to them in order to reach the desired conclusions with 
reference to the rock-mass under investigation. The treatment is mathe- 
matical and consequently is not susceptible to brief abstracting. The 
method is believed to be of value to contractors who are considering 
bidding on the construction of tunnels through mountain masses. 

W. S. BayLey. 
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BOOKS RECEIVED. 


Geology of the Chromite Deposits, Umvukwe Range, Lomagundi Dis- 
trict, Southern Rhodesia. By F. E. Keep. 10 pp., map. So. Rhod. 
Geol. Survey, Short Rept. No. 23, Salisbury, 1928 (Feb., 1929). 
Supposed magmatic segregations that seam serpentine. 


Summary Report, 1927, Part C, Geol. Survey of Canada. Pp. 124, maps. 
Ottawa, 1928 (Feb., 1929). 

Summaries of field work in Northern Quebec, Baffin Land, and Cape 

Breton; peat investigations, and deep borings. 

The Union of South Africa. By A. W. Rocers, A. L. Hatt, P. A. Wac- 
NER, AND S. H. Haucuton. Pp. 232, figs. 53, pl. 3. Handbuch der 
Regionalen Geologie No. 27, Bd. VIL., abt. 7-a. Carl Winters, Heidel- 
berg, 1929 (Feb.). Price, 17 M. 

Part of the world series on regional geology. A careful study of the 
areal and economic geology, by competent authorities; timely. 


Surface Water Supply of the United States, 1924, Pt. VI, Missouri 
River Basin: U. S. Geol. Surv. Water Supply Paper 586; pp. 343. Pt. 
VIII, Western Gulf of Mexico Basins: U. S. Geol. Surv. Water Supply 
Paper 588; pp. 229. 1928 (Jan., 1929). 


Das Pandermitvorkommen von Sultan Tschair. By A. ScHLtter. Pp. 
55, figs. 18. Abhandl. z. Prakt. Geol. u. Bergw. Bd. 17. W. Knapp, 
Halle, 1928 (Dec.). Price, 5.8 M. 


Bentonite, Its Properties, Mining, Preparation and Utilization. By C 
W. Davis anp H. C. VacHer. 51 pp. U.S. Bureau of Mines, Tech. 
Paper 438. Washington, 1928 (Feb., 1929). Price, 10 cts. 

Detailed properties and uses. 
Studies in Fractional Distillation of Crude Petroleum. By M. B. Cooke 


AND H. P. Rue. U.S. Bureau of Mines Tech. Paper 431. Pp. 54, figs. 
16. 1928 (Jan., 1929). Price, 15 cts. 


Early Mississippian Formations in Missouri. By R. C. Moore. Mis- 
souri Bur. of Geol. and Mines, vol. 21, 2d series, 1928 (Jan., 1929). 
Pp. 283, illus. 15, index. 

Stratigraphy of these formations, which yield zinc, lead, and building 
stones. 
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SCIENTIFIC NOTES AND NEWS 





Scott Turner, Director of the U. S. Bureau of Mines, is on the Ad- 
visory Committee of the Federal Oil Conservation Board. 

William F. Jones, consulting geologist and former lecturer in Petroleum 
Geology at the Mass. Inst. of Technology, has been appointed vice-presi- 
dent and general manager of the Mineral Rights Corporation, Tulsa, Okla. 

W. L. Whitehead, of the Mass. Inst. of Technology, has been retained 
for geologic research work by the Huronian Belt Company, Ltd., of 
Toronto. During the past field season he examined the Vipond, Keeley 
and Jubilee Mines, near Michipicoten. 

D. F. Higgins, Jr., of Loveland, Colorado, has been appointed lecturer 
in Petroleum Geology in Northwestern University for the second semester 
of the year. 

John G. Barry, geologist of the Howe Sound exploration department, 
at El Paso, Texas, has been successfully operated upon at Johns Hopkins 
Hospital, Baltimore, Md., for removal of a bullet from his thigh, an injury 
dating from the World War. 

C. A. Heiland, professor of geophysics, Colorado School of Mines, is 
to give a course of lectures at Columbia University, New York City, on 
torsion balance, magnetometer, seismograph, and electrical prospecting, 
from the beginning of February up to the middle of March. He will also 
attend the American Institute meeting and will go to Fort Worth for the 
meeting of the American Association of Petroleum Geologists. 

Ernest W. Skeats has taken a year’s leave from the University of Mel- 
bourne, and on his way to England will visit Sicily and Naples to observe 
the effects of recent eruptions. 

Francis A. Thomson, president of the Montana School of Mines, is also 
head of the State Bureau of Mines and Geology, which is connected with 
the School of Mines in research work. 

G. A. F. Molengraff, professor of geology in the Technical High School 
at Delft, Holland, expects to attend the International Geologic Congress 
in South Africa this summer. 

F. A. Linforth, who has been connected with the Anaconda Copper 
Mining Company at Great Falls and Butte, Montana, for more than 
twenty years, has been elected chairman of the Montana section of the 
A. i. Mick. 

W. B. Heroy has gone to Venezuela. 

W. Spencer Hutchinson recently made a trip to Chile and Peru. 
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220 SCIENTIFIC NOTES AND NEWS. 


Van H. Manning was recently appointed consulting petroleum geologist 
for the Republic of Cuba. 

Victor A. James has become a member of ie firm of Wright & Boyd- 
ell, now Wright, Boydell, James and Associates, Consulting Mining En- 
gineers and Geologists, Toronto, Canada. 

Carl H. Beal has given up his connection with the Marland Oil Com- 
pany of California to take up private professional work. 

James MacMillan, Ontario, Canada, is to be connected with the Gov- 
ernment of Uruguay as adviser in the development of mineral resources. 

E. D. Foster, mining geologist, has returned to Los Angeles from 
Sonora, Mexico, after making a mineral survey of the La Germania Mine. 

Raymond Brooks is making a trip to London, and from there will go to 
Rhodesian and other South African mining districts. 

Kenneth Johnston, formerly with the Oliver Iron Mining Co., Virginia, 
Minn., is mining engineer of the Lafayette Fluor Spar Co., Mexico, Ky. 

Douglas S. Baird, recently geologist of the Dome Mines, in the Porcu- 
pine district, Ontario, is in charge of work at Michipicoten for Mammoth 
Mines, Ltd. 

M. W. Summerhayes has made an examination of the Abana Mines in 
the Rouyn district, Quebec, Canada. 

The School of Mining and Metallurgy of Penn State University an- 
nounces that fourteen men prominent in the petroleum and natural gas in- 
dustries of Western Pennsylvania have been appointed to form a petro- 
leum advisory board and a natural gas advisory board to assist in work- 
ing out various problems so that the College may better serve the oil and 
gas industries of the State. 

The natural gas board consists of: S. W. Meals, president, Carnegie 
Natural Gas Co.; G. W. Ratcliffe, president, Manufacturers’ Light and 
Heat Co.; F. F. Schauer, general manager, Equitable Gas Co.; J. B. 
Tonkin, vice-president, People’s Natural Gas Co.; L. W. Young, Jr., 
president, South Penn Oil Co., all of Pittsburgh; and George H. Ashley, 
state geologist. 

The petroleum board: R. J. Alexander, secretary, Penn. Grade Crude 
Oil Assoc., Oil City; A. E. Booth, president, Northwestern Penn. Oil 
Producers’ Assoc., Bradford; W. J. Brundred, president, Brundred Oil 
Co., Oil City; R. M. Haskell, general manager, Associated Producers, 
Bradford; C. N. Pfohl, Kendall Refining Co., Bradford; S. Y. Ramage, 
president, First National Bank, Oil City; R. T. Zook, president, Sloan & 
Zook Co., Bradford; W. T. Piper, president, Piper & Lloyd Co., Brad- 
ford; George H. Ashley, state geologist. 
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